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INSULIN-LIKE GROWTH FACTOR (IGF-I) PLASMID-MEDIATED 
SUPPLEMENTATION FOR THERAPEUTIC APPLICATIONS 

RELATED APPLICATIONS 

[0001] This application claims priority to U.S. Provisional Patent Application, Serial 
Number 60/454,079, entitled "Insulin-Like Growth Factor (IGF-I) Plasmid-Mediated 
Supplementation For therapeutic Applications," filed on March 12, 2003, the entire content of 
which is hereby incorporated by reference. 

BACKGROUND 

[0002] The present invention pertains to endocrinology, medicine, and cell biology. 
More specifically, this invention relates to the endogenous stimulation of production of 
insulin-like growth factor I ("IGF-I") in a subject at a level greater than non-treated subjects. 
Administration of DNA encoding IGF-I helps enhance angiogenesis and myogenesis. It also 
upregulates angiogenic factors, upregulates angiopoietins, and treats complications of 
diabetes. 

[0003] IGF-I has important growth promoting and metabolic effects and is expressed 
in virtually every tissue of the body. The highest expression is found in the liver. The effects 
of liver-derived and systemically secreted IGF-I are predominantly endocrine, while locally 
produced IGF-I in peripheral tissues has more of an autocrine or paracrine effect. Recent 
studies have been aimed to elucidate the role and effects of systemically or locally produced 
IGF-I. Data in the literature suggests that the liver-derived IGF-I is important for 
carbohydrate- and lipid-metabolism and for the regulation of GH-secretion at the pituitary 
level. Furthermore, it regulates adult axial skeletal growth and cortical radial growth while it 
is not required for appendicular skeletal growth, which is linked to locally-derived IGF-I 
(Sjogren et al., 1999; Sjogren et al., 2002). 

[0004] The GHRH-GH-IGF-I production pathway is composed of a series of 
interdependent genes whose products are required for normal growth, development, 
regeneration and repair (Caroni et al., 1 994). The pathway genes include: ( 1 ) ligands, such as 
growth hormone ("GH") and IGF-I; (2) transcription factors such as prophet of Pit- 1, or prop 
1, and Pit-1; (3) agonists and antagonists, such as growth hormone releasing hormone 
("GHRH") and somatostatin ("SS"), respectively; and (4) receptors, such as the GHRH 
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receptor ("GHRH-R") and the GH receptor ("GH-R"). These genes are expressed in different 
organs and tissues, including the hypothalamus, pituitary, liver, and bone. 

[0005] IGF-I is a 70 amino acid polypeptide with extensive structural homology to 
insulin (49%) and IGF-II (61%). Hormonally, IGF-I is regulated as part of the GHRH/ GH 
axis. GHRH, secreted by the hypothalamus, stimulates release of GH by the anterior pituitary. 
GH subsequently stimulates production of IGF-I in the liver and other tissues. IGF-I provides 
negative feedback in this axis by directly inhibiting GH release from the pituitary and 
indirectly by inducing somatostatin ("SS") expression by the hypothalamus (Vance, 1990). 
The possibility of a direct regulatory role of this axis with respect to any autocrine or 
endocrine effects of IGF-I remains to be proven. IGFs were originally thought to be liver- 
derived mediators of GH action, but now it is known that they are synthesized and secreted 
from many cell types, including muscle or bone (Florini et al., 1991). This factor mediates 
many of the growth-promoting effects of GH in postnatal animals by binding to the type I IGF 
receptor ("IGF-IR"). In animal studies, administration of GH to hypophysectomized rats 
resulted in a significant increase in IGF-I mRNA in skeletal muscle. Implantation of GH 
secreting cells in non-growing rats caused a seven- fold increase in IGF-I mRNA and a 50% 
increase in the mass of the gastrocnemius muscles (Kelly et al., 1990). Increased expression 
of IGF-I genes by passive mechanical stretch or acute exercise shows a correspondence 
between muscle hypertrophy and IGFs (Vandenburgh et al., 1991). Targeted over-expression 
of IGF-I in skeletal muscle in transgenic animals enhances muscle growth (Coleman et al., 
1995; Goldspink, 1999). Thus, IGF-I seems to be important in the hormonal regulation of 
skeletal muscle growth. 

[0006] IGF-I provides an attractive candidate for therapeutic approaches on muscle 
and heart. IGF-I was shown to play an important role in the growth and regeneration of 
peripheral nerves and skeletal muscle, and it was investigated as a treatment for 
neuromuscular disorders (Cheng et al., 1996; Florini et al., 1993). In addition, expression of 
IGF-I in skeletal muscle is increased coincident with stretch-induced myofiber overloading 
and hypertrophy (Goldspink, 1999) and muscle regeneration following injury 
(Kasemkijwattana et al., 1998; Menetrey et al., 2000). Treatment with exogenous IGF-I 
protein reduces muscle degeneration and atrophy in dystrophic mice (De Luca et al., 1999; 
Hsu et al., 1997). 
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[0007] In addition to its role in myogenesis and nerve regeneration, IGF-I is also a 
potential angiogenic factor. Angiogenesis, the formation of neo-vessels from the endothelium 
of pre-existing vessels, plays an essential role in embryonic development and tissue repair 
(Folkman, 1995). Neo-vessels form in response to stimulation by soluble angiogenic factors, 
which regulate endothelial migration, proliferation, survival, and proteolytic activity 
(Folkman and Klagsbrun, 1987). The most well-studied factors described to date, vascular 
endothelial growth factor ("VEGF"), fibroblast growth factor ("bFGF") and the angiopoietins 
(ANG-1 , ANG-2), have emerged as critical regulators of the angiogenic process (Davis et al., 
2003; Horvath et al, 2002). These molecules promote neo-vessel formation and 
morphogenesis by cooperating closely through a carefully orchestrated sequence of 
angioregulatory events (Peters, 1998; Veikkola et al., 2000). Current therapeutic angiogenesis 
strategy by using angiogenic growth factors had some success in treating ischemic disease, as 
peripheral diabetic disease, diabetic retinopathy or age-related macular degeneration (major 
causes of blindness in the western world), accelerate healing, as well as cardiac ischemic 
disease (Silvestre and Levy, 2002). As many as 1 0 million people in the USA have peripheral 
arterial disease ("PAD") with more than 10% prevalence in people over 60 years old. 
Generally, men have a higher prevalence of PAD than women. The risk factors for PAD are 
similar to those for coronary artery disease ("CAD") and cerebrovascular disease ("CBVD"), 
but diabetes and cigarette smoking have a particularly strong association with PAD (Beckman 
et al., 2002; Criqui 2001; Fowler et al., 2002). 

[0008] IGF-I may be an initiator of the angiogenic process. IGF-I receptors have been 
shown to be present on endothelial cells of bone (Fiorelli et al., 1994; Fiorelli et al., 1996), 
retina (Spoerri et al., 1998), and aorta (Kobayashi and Kamata, 2002). IGF-I has also been 
shown to induce the expression of VEGF mRNA on retinal pigment epithelial cells (Punglia 
et al., 1997), osteoblasts (Akeno et al., 2002; Goad et al., 1996), vascular endothelial cells 
(Miele et al., 2000), and in a variety of tumor cells (Bermont et al., 2000; Reinmuth et al., 
2002; Wu et al., 2002). IGF-I induces cell migration and tubular formation of cultured bovine 
retinal endothelial cells and human endothelial cells in vitro (Castellon et al., 2002; 
Shigematsu et al., 1999). Increased branching of aged cultured micro-vessels is enhanced by 
IGF-I (Arthur et al., 1998). IGF-I acts as a vasoactive factor by inhibiting vessel contraction, 
via stimulation of nitric oxide production (Walsh et al., 1996). During muscle regeneration, 
angiogenesis is induced in order to vascularize the growing muscle. IGF-I induces muscle 

3578226v7 1 08328/00 1 72 4 



satellite cell proliferation and differentiation in vivo (Rabinovsky et al., 2003) and it is known 
that IGF-I induces VEGF expresssion in satellite cells. Therefore, IGF-I initiates the 
angiogenic pathways that occur in injured muscle. 

[0009] In additon to inducing aniogenesis in skeletal muscle, studies suggest that IGF- 
I may also induce aniogenesis in the heart. Studies show that IGF-I is capable of inducing a 
hypertrophic response in the heart by stimulating cardiac myocytes and fibroblasts to initiate a 
variety of processes associated with hypertrophy. IGF-I' s activities were demonstrated in both 
in vitro and in vivo model systems. In cultured neonatal ventricular myocytes, the addition of 
IGF-I induces DNA synthesis (Kajstura et al., 1994; Kardami, 1990), the transcription of 
several genes associated with hypertrophy and hyperplasia, including myosin light chain-2, 
troponin and a-skeletal actin (Ito et al., 1993), and in vitro increased myofibril production 
(Donath et al., 1994; Donath et al., 1997). In vivo, IGF-I and its receptor are upregulated in 
cardiomyocytes of experimentally infarcted ventricles. This may be followed by DNA 
replication and mitotic division of a portion of the remaining cardiomyocytes (Reiss et al., 
1 994). IGF-I protects against apoptosis in cultured and primary cardiomyocytes (Wang et al., 
1998b; Wang et al., 1998a) and in a mouse model of ischemic injury (Buerke et al., 1995). A 
transgenic mouse with increased IGF-I serum levels exhibits cardiomyocyte hyperplasia but 
no hypertrophy (Reiss et al., 1996). IGF-I and GH have been shown to improve cardiac 
performance in both experimental cardiac failure (Duerr et al., 1996) and that developed in 
human patients (Donath et al., 1998). Consequently, IGF-I and GH are seriously considered 
as potential therapeutic agents for situations in which hypertrophy and/or hyperplasia of 
cardiomyocytes would be desirable, such as following myocardial infarction or in 
hypocontracting cardiomyopathies (Lombardi et al., 1997). Adequate vascularization of the 
myocardium in this case is critical. 

[001 0] Although previous research demonstrated that IGF-I has potential for treatment 
of different conditions, systemic administration of IGF-I protein may require frequent dosing 
and elicit numerous side effects. For instance, recombinant IGF-I given to diabetic patients 
resulted in adverse effects such as edema and tachycardia (Jabri et al., 1994). Increased serum 
IGF-I levels may also accelerate the progression of diabetic nephropathy (Zhuang et al., 1996) 
and proliferative retinopathy (Glazner et al., 1994). In contrast to systemic delivery of IGF-I 
protein, non-viral IGF-I gene delivery targeted to skeletal muscle offers the potential to 
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provide sustained and localized expression of IGF-I with infrequent administration and with 
minimal systemic side effects (Alila et al., 1997). 

[001 1] During the aging process, mammals lose up to a third of their skeletal muscle 
mass and strength. The injection of a recombinant adeno-associated virus directing over- 
expression of IGF-I in differentiated muscle fibers promotes an average increase of 15% in 
muscle mass and a 14% increase in strength in young adult mice, and prevents aging-related 
muscle changes in elderly adult mice, resulting in a 27% increase in strength as compared 
with uninjected aged muscles. Muscle mass and fiber-type distributions are maintained at 
levels similar to those in young adults. These effects may primarily be due to stimulation of 
muscle regeneration via the activation of satellite cells by IGF-I (Barton-Davis et aL, 1998). 

[0012] Muscle injuries are a challenging problem in traumatology, and the most 
frequent occurrence in sports medicine. In mice, massive muscle regeneration occurs in the 
first 2 weeks post injury that is subsequently followed by the development of muscle fibrosis. 
Growth factors, as bFGF, IGF-I, and NGF are capable of stimulating myoblast proliferation 
and differentiation in vitro and improving the healing of the injured muscle in vivo. 
Adenoviruses have been used to mediate direct and ex vivo gene transfer of these growth 
factors in the injured muscle (Kasemkijwattana et al., 1998). Liposome IGF-I gene transfer 
accelerates wound healing in burned rats and attenuates deleterious side effects associated 
with high levels of IGF-I. Rats receiving weekly subcutaneous injections of liposomes and 
IGF-I constructs exhibited the most rapid wound re-epithelialization and greatest increase in 
body weight and gastrocnemius muscle protein content (Jeschke et al., 1999). Intramuscular 
injection of a plasmid encoding human IGF-I ("hIGF-I") and engineered to restrict expression 
to skeletal muscle produced sustained local concentrations of biologically active hIGF-I. 
When normal rats received a single intramuscular injection of plasmids formulated as a 
complex with polyvinylpyrrolidone ("PVP"), the results showed that hIGF-I mRNA and 
hIGF-I protein were detectable in the injected muscles for the duration of the study. 
Biological activity of hIGF-I was determined by immunodetection of a nerve-specific growth- 
associated protein, GAP43, an indicator of motor neuron sprouting (Alila et al., 1997). 

[0013] Gene transfer into skeletal muscle holds promise for the treatment of a variety 
of serum protein deficiencies, muscular dystrophies, and chronic ischemic limb syndromes. It 
is currently being developed as a method for the production, secretion and delivery of 
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physiologically active proteins as hormones and may ultimately be applied to the treatment of 
several diseases (MacColl et aL, 1999). The past few years have seen the development of new 
and improved vectors for programming recombinant gene expression in skeletal muscle. 
Important advances include first, novel plasmid DNA, adenovirus, and adeno-associated virus 
vectors that can be used to express stably therapeutic levels of recombinant proteins in the 
skeletal muscle of immunocompetent hosts and second, the development of vector systems 
that enable regulated and tissue-specific transgene expression in skeletal muscle in vivo. 

[0014] Direct plasmid DNA gene transfer is currently the basis of many emerging 
nucleic acid therapy strategies and thus does not require viral genes or lipid particles (Aihara 
and Miyazaki, 1998; Muramatsu et aL, 2001). Skeletal muscle is the target tissue of choice, 
because muscle fiber has a long life span and can be transduced by circular DNA plasmids 
that express over months or years in an immunocompetent host (Davis et al., 1993; Tripathy 
et aL, 1996). 

[0015] Recently, the delivery of specific genes to somatic tissue in a manner that can 
correct inborn or acquired deficiencies and imbalances was proven to be possible (Herzog et 
aL, 2001 ; Song et aL, 2001 ; Vilquin et aL, 2001). Gene-based drug delivery offers a number 
of advantages over the administration of recombinant proteins. These advantages include the 
conservation of native protein structure, improved biological activity, avoidance of systemic 
toxicities, and avoidance of infectious and toxic impurities. In addition, nucleic acid vector 
therapy allows for prolonged exposure to the protein in the therapeutic range, because the 
newly secreted protein is present continuously in the blood circulation. In a few cases, the 
relatively low expression levels achieved after simple plasmid injection are sufficient to reach 
physiologically acceptable levels of bioactivity of secreted peptides, especially for vaccine 
purposes (Danko and Wolff, 1994; Tsurumi et aL, 1996). 

[0016] The primary limitation of using recombinant protein is the limited availability 
of protein after each administration. Nucleic acid vector therapy using injectable DNA 
plasmid vectors overcomes this, because a single injection into the patient's skeletal muscle 
permits physiologic expression for extensive periods of time (WO 99/05300 and WO 
01/06988). Injection of the vectors promotes the production of enzymes and hormones in 
animals in a manner that more closely mimics the natural process. 
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[0017] In a plasmid-based expression system, a non-viral gene vector may be 
composed of a synthetic gene delivery system in addition to the nucleic acid encoding a 
therapeutic gene product. In this way, the risks associated with the use of most viral vectors 
can be avoided, including the expression of viral proteins that can induce immune responses 
against target tissues and the possibility of DNA mutations or activations of oncogenes. The 
non- viral expression vector products generally have low toxicity due to the use of "species- 
specific" components for gene delivery, which minimizes the risks of immunogenicity 
generally associated with viral vectors. Additionally, no integration of plasmid sequences into 
host chromosomes has been reported in vivo to date, so that this type of nucleic acid vector 
therapy should neither activate oncogenes nor inactivate tumor suppressor genes. As 
episomal systems residing outside the chromosomes, plasmids have defined pharmacokinetics 
and elimination profiles, leading to a finite duration of gene expression in target tissues. 

[0018] Among the non- viral techniques for gene transfer in vivo, the direct injection of 
plasmid DNA into muscle is simple, inexpensive, and safe. However, the use of directly 
inj ectable DNA plasmid vectors has been limited in the past. The inefficient DNA uptake into 
muscle fibers after simple direct injection has led to relatively low expression levels (Prentice 
et al., 1 994; Wells et al., 1 997). In addition, the duration of the transgene expression has been 
short (Wolff et al., 1990). The most successful previous clinical applications have been 
confined to vaccines (Danko and Wolff, 1994; Tsurumi et al., 1996). A vector system for the 
delivery and controlled expression of recombinant IGF-I genes was previously described in 
U.S. Patent Application Serial No. 09/861,101. This vector system included a 5' flanking 
region with a naturally-occurring promoter, a linker region providing a site for insertion of a 
nucleic acid sequence and connecting the 5' flanking region to the nucleic acid sequence, a 
nucleic acid sequence encoding IGF-I, and a 3' flanking region. Administration of the vector 
system involved direct or intravenous injection and was shown to improve nerve regeneration, 
treat muscle atrophy, treat diabetes, treat osteoporosis, and improve livestock. 

[0019] Efforts have been made to enhance the delivery of plasmid DNA to cells by 
physical means including electroporation, sonoporation, and pressure. Administration by 
electroporation involves the application of a pulsed electric field to create transient pores in 
the cellular membrane without causing permanent damage to the cell. It thereby allows for 
the introduction of exogenous molecules (Smith and Nordstrom, 2000). By adjusting the 
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electrical pulse generated by an electroporetic system, nucleic acid molecules can travel 
through passageways or pores in the cell that are created during the procedure. U.S. Patent 
5,704,908 describes an electroporation apparatus for delivering molecules to cells at a selected 
location within a cavity in the body of a patient. These pulse voltage injection devices are 
also described in U.S. Patent Nos. 5,439,440 and 5,702,384, and PCT WO 96/12520, 
96/12006, 95/19805, and 97/07826. 

[0020] Recently, significant progress to enhance plasmid delivery in vivo and 
subsequently to achieve physiological levels of a secreted protein was obtained using the 
electroporation technique. Electroporation has been used very successfully to transfect tumor 
cells after injection of plasmid (Lucas et al., 2002; Matsubara et al., 2001) or to deliver the 
anti-tumor drug bleomycin to cutaneous and subcutaneous tumors in humans (Gehl et al., 
1998; Heller et al., 1996). Electroporation also has been extensively used in mice (Lesbordes 
et al., 2002; Lucas et al., 2001; Vilquin et al., 2001), rats (Terada et al., 2001; Yasui et al., 
2001), and dogs (Fewell et al., 2001) to deliver therapeutic genes that encode for a variety of 
hormones, cytokines or enzymes. Previous studies using growth hormone releasing hormone 
(GHRH) showed that plasmid therapy with electroporation is scalable and represents a 
promising approach to induce production and regulated secretion of proteins in large animals 
and humans (Draghia-Akli et al., 1999; Draghia-Akli et al., 2002). Electroporation also has 
been extensively used in rodents and other small animals (Bettan et al., 2000; Yin and Tang, 
2001). It has been observed that the electrode configuration affects the electric field 
distribution, and subsequent results (Gehl et al., 1999; Miklavcic et al., 1998). Preliminary 
experiments indicated that for a large animal model, needle electrodes give consistently better 
reproducible results than external caliper electrodes. 

[0021] The ability of electroporation to enhance plasmid uptake into the skeletal 
muscle has been well documented, as described above. In addition, plasmid formulated with 
poly-L-glutamate ("PLG") or polyvinylpyrrolidone ("PVP") has been observed to increase 
plasmid transfection and consequently expression of the desired transgene. The anionic 
polymer sodium PLG could enhance plasmid uptake at low plasmid concentrations, while 
reducing any possible tissue damage caused by the procedure. PLG is a stable compound and 
resistant to relatively high temperatures (Dolnik et al., 1993). PLG has been previously used 
to increase stability in vaccine preparations (Matsuo et al., 1994) without increasing their 
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immunogenicity. It also has been used as an anti-toxin after antigen inhalation or exposure to 
ozone (Fryer and Jacoby, 1993). In addition, plasmid formulated with PLG or PVP has been 
shown to increase gene transfection and consequently gene expression to up to 10 fold in the 
skeletal muscle of mice, rats and dogs (Fewell et al., 2001; Mumper et al., 1998). PLG has 
been used to increase stability of anti-cancer drugs (Li et al., 2000) and as "glue" to close 
wounds or to prevent bleeding from tissues during wound and tissue repair (Otani et al., 1996; 
Otani et al., 1998). 

[0022] Although not wanting to be bound by theory, PLG increases the transfection of 
the plasmid during the electroporation process, not only by stabilizing the plasmid DNA, and 
facilitating the intracellular transport through the membrane pores, but also through an active 
mechanism. For example, positively charged surface proteins on the cells could complex the 
negatively charged PLG linked to plasmid DNA through protein-protein interactions. When 
an electric field is applied, the surface proteins reverse direction and actively internalize the 
DNA molecules, a process that substantially increases the transfection efficiency. 
Furthermore, PLG will prevent the muscle damage associated with in vivo plasmid delivery 
(Draghia-Akli et al., 2002a) and will increase plasmid stability in vitro prior to injection. 

[0023] Although there are references in the art directed to electroporation of 
eukaryotic cells with linear DNA (McNally et al., 1988; Neumann et al., 1982; Toneguzzo et 
al., 1988; Aratani et al., 1992; Nairn et al., 1993; Xie and Tsong, 1993; Yorifuji and Mikawa, 
1990), these examples illustrate transfection into cell suspensions, cell cultures, and the like, 
and the transfected cells are not present in a somatic tissue. 

[0024] U.S. Patent No. 4,956,288 is directed to methods for preparing recombinant 
host cells containing high copy number of a foreign DNA by electroporating a population of 
cells in the presence of the foreign DNA, culturing the cells, and killing the cells having a low 
copy number of the foreign DNA. 

[0025] In summary, increased angiogenesis and myogenesis in a treated subject were 
previously restricted in scope. The related art has shown that it is possible to improve these 
different conditions in a limited capacity utilizing recombinant protein technology, but these 
treatments have some significant drawbacks. It has also been shown that nucleic acid 
expression constructs that encode recombinant proteins are viable solutions to the problems of 
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frequent injections and high cost of traditional recombinant therapy. Unfortunately, each 
plasmid construct for a given recombinant protein must be evaluated individually, because the 
related art does not teach one skilled in the art to accurately predict how changes in structure 
(e.g. amino-acid sequences) will lead to changed functions (e.g. increased or decreased 
stability) of a recombinant protein. Therefore, the beneficial effects of nucleic acid 
expression constructs that encode expressed proteins can only be ascertained through direct 
experimentation. There is a need in the art for expanded treatments for subjects with a disease 
by utilizing nucleic acid expression constructs that are delivered into a subject and express 
stable therapeutic proteins in vivo. 
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SUMMARY 

[0026] One embodiment of the present invention relates to a method for stimulating 
endogenous production of insulin-like growth factor I ("IGF-I") in a subject at a level greater 
than non-treated subjects through plasmid-mediated gene supplementation. An effective 
amount of a vector, including a synthetic myogenic promoter, a nucleotide sequence, and a 3' 
untranslated region, is introduced into cells of the subject. The nucleotide sequence encodes 
IGF-I or a functional biological equivalent thereof. When the nucleotide sequence is 
introduced and expressed in the specific cells of the subject (e.g. somatic cells, stem cells, or 
germ cells), endogenous production of IGF-I is increased. By delivering the nucleic acid 
expression construct into cells of the subject, angiogenesis and myogenesis may be enhanced, 
and muscular and vascular complications of diabetes may be treated. 

[0027] Another embodiment of the present invention relates to elements of the nucleic 
acid expression construct. For example, the construct includes a synthetic myogenic 
promoter, an IGF-I or functional biological equivalent, and a 3' untranslated region ("3' 
UTR") that are operatively linked. A preferred embodiment of the nucleic acid expression 
construct is substantially free of a viral backbone. The encoded functional biological 
equivalent of IGF-I is a polypeptide having similar or improved biological activity when 
compared to the native IGF-I polypeptide. When the nucleic acid sequence is delivered into 
the specific cells of the subject, tissue specific and constitutive expression of IGF-I is 
achieved. 

[0028] The present invention also relates to the application of a nucleotide sequence 
that upregulates angiogenic factors, such as VEGF and VEGF receptors (FLK- 1 and FLT- 1 ), 
upregulates angiopoietins (ANG-1 and ANG-2), and promotes angiogenesis. The nucleotide 
sequence may be regulated by a muscle-specific promoter into muscle tissue and may be 
administered using electroporation techniques. The preferred method to deliver the nucleic 
acid sequence with the constitutive promoter and the encoding sequence of IGF-I or the 
biological equivalent thereof is directly into the cells of the subject by the process of in vivo 
electroporation. Electroporation may involve externally supplied electrodes, or in the case of 
needles, internally supplied electrodes to aid in the inclusion of desired nucleotide sequences 
into the cells of a subject while the cells are within a tissue of the subject. 
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[0029] In a further specific embodiment, the 3 ' untranslated region comprises a 3 ' 
untranslated region of the skeletal alpha actin gene or the 3' untranslated region of human 
growth hormone. In another specific embodiment, the vector is introduced into said cells of 
said animal by electroporation, through a viral vector, or in conjunction with a carrier. The 
nucleic acid construct may also be introduced to the cells with a transfection-facilitating 
polypeptide, which may be charged and may be poly-L-glutamate. In an additional specific 
embodiment, the animal is a human, a pet animal, a farm animal, a food animal, or a work 
animal. In a further specific embodiment, the animal is a human, pig, cow, sheep, goat or 
chicken. In an additional specific embodiment, the vector is a plasmid, a viral vector, a 
liposome, or a cationic lipid. In another specific embodiment, the vector is introduced into the 
animal in a single administration. In another specific embodiment, a ligand is administered to 
the animal for induction of IGF-I expression. 

[0030] Other and further objects, features and advantages would be apparent and 
eventually more readily understood by reading the following specification and by reference to 
the accompanying drawings forming a part thereof, or any examples of the presently preferred 
embodiments of the invention given for the purpose of the disclosure. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0031] Figure 1 illustrates the vector pAV2001 (SEQID No.: 1), or pSP-IGF-I- 
SK3'UTR, which includes the 3'UTR of skeletal alpha actin. 

[0032] Figure 2 illustrates the vector pAV2002 (SEQID No.: 2), or pSP-IGF-I- 
GH3'UTR, which includes the 3'UTR of human growth hormone. 

[0033] Figure 3 shows the in vivo expression and activity of synthetic promoter SPc5- 
12 (SEQID No.: 3). 

[0034] Figure 4 shows a Northern blot analysis of IGF-I expression. 

[0035] Figure 5 shows expression of FLK-1/KDR as a result of injection of the pSP- 
IGF-I-GH3'UTR (pAV2002 - SEQID No.: 2) construct. Data are presented as the percent 
control of contralateral non-injured muscle from IGF-I and water injected mice. 

[0036] Figure 6 shows expression of myogenin as a result of injection of the pSP-IGF- 
I-GH3 'UTR (p AV2002 - SEQID No. : 2) construct. Data is presented as the percent control of 
contralateral non-injured muscle from IGF-I and water injected mice. 

[0037] Figure 7 shows the induction of IGF-I expression in the tibialis anterior muscle 
of mice after IGF-I gene injection. Data is presented as the percent of control contralateral 
non-injured muscle from IGF-I and water injected mice. *P < 0.05 in IGF-I injected vs. water 
injected muscle (n=3/ group). 

[0038] Figure 8 shows the expression of MyoD in the tibialis anterior muscle of mice. 
Data is presented as the percent control of contralateral non-injured muscle from IGF-I and 
water injected mice. *P < 0.05 in IGF-I injected vs. water injected muscle (n=3/ group). 

[0039] Figure 9 shows the expression of myogenin in tibialis anterior muscle. Data is 
presented as the percent control of contralateral non-injured muscle from IGF-I and water 
injected mice. *P < 0.05 in IGF-I injected vs. water injected muscle (n=3/ group). 

[0040] Figure 10 shows the expression of VEGF in tibialis anterior muscle. Data is 
presented as the percent control of contralateral non-injured muscle from IGF-I and water 
injected mice. *P < 0.05 in IGF-I injected vs. water injected muscle (n=3/ group). 
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[0041] Figure 11 shows the expression of FLK-1/KDR in tibialis anterior muscle. 
Data is presented as the percent control of contralateral non-injured muscle from IGF-I and 
water injected mice. *P < 0.05 in IGF-I injected vs. water injected muscle (n=3/ group). 

[0042] Figure 12 shows the expression of FLT-1 in tibialis anterior muscle. Data is 
presented as the percent control of contralateral non-injured muscle from IGF-I and water 
injected mice. *P < 0.05 in IGF-I injected vs. water injected muscle (n=3/ group). 

[0043] Figure 13 shows the quantitation of angiogenic response of diabetic tibialis 
muscle to IGF-I plasmid mediated supplementation after femoral vessel ligation. Values are 
expressed as the percent control of non-ischemic tibialis anterior muscle (contralateral side) of 
IGF-I or water-treated muscles. *P < 0.05 in IGF-I treatment vs. water treatment (n=3/ 
group). 
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DETAILED DESCRIPTION 

[0044] It will be readily apparent to one skilled in the art that various substitutions and 
modifications may be made in the invention disclosed herein without departing from the 
scope and spirit of the invention. 

[0045] The term "a" or "an" as used herein in the specification may mean one or more. 
As used herein in the claim(s), when used in conjunction with the word "comprising," the 
words "a" or "an" may mean one or more than one. As used herein "another" may mean at 
least a second or more. 

[0046] The term "analog" as used herein includes any mutant of IGF-I, or synthetic or 
naturally occurring peptide fragments of IGF-I. 

[0047] The term "angiogenesis" as used herein is defined as formation of new blood 
vessels from the endothelium of pre-existing vessels. 

[0048] The term "cassette" as used herein is defined as one or more transgene 
expression vectors. 

[0049] The term "cell-transfecting pulse" as used herein is defined as a transmission 
of a force which results in transfection of a vector, such as a linear DNA fragment, into a cell. 
In some embodiments, the force is from electricity, as in electroporation, or the force is from 
vascular pressure. 

[0050] The term "coding region" as used herein refers to any portion of the DNA 
sequence that is transcribed into messenger RNA (mRNA) and then translated into a sequence 
of amino acids characteristic of a specific polypeptide. 

[0051] The term "a conservative amino acid substitution" as used herein refers to a 
replacement of one amino acid residue with a different residue having similar biochemical 
characteristics, such as size, charge, and polarity vs. non-polarity. Such conservative amino 
acid groupings are well defined in the art, and can be found in most basic biochemistry 
textbooks. 
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[0052] The term "delivery" or "delivering" as used herein is defined as a means of 
introducing a material into a tissue, a subject, a cell or any recipient, by means of chemical or 
biological process, injection, mixing, electroporation, sonoporation, or combination thereof, 
either under or without pressure. 

[0053] The term "DNA fragment" or "nucleic acid expression construct" as used 
herein refers to a substantially double stranded DNA molecule. Although the fragment may 
be generated by any standard molecular biology means known in the art, in some 
embodiments the DNA fragment or expression construct is generated by restriction digestion 
of a parent DNA molecule. The terms "expression vector," "expression cassette," or 
"expression plasmid" can also be used interchangeably. Although the parent molecule may be 
any standard molecular biology DNA reagent, in some embodiments the parent DNA 
molecule is a plasmid. 

[0054] The term "donor-subject" as used herein refers to any species of the animal 
kingdom wherein cells have been removed and maintained in a viable state for any period of 
time outside the subject. 

[0055] The term "donor-cells" as used herein refers to any cells that have been 
removed and maintained in a viable state for any period of time outside the donor-subject. 

[0056] The term "electroporation" as used herein refers to a method that utilized 
electric pulses to deliver a nucleic acid sequence into cells. 

[0057] The terms "electrical pulse" and "electroporation" as used herein refer to the 
administration of an electrical current to a tissue or cell for the purpose of taking up a nucleic 
acid molecule into a cell. A skilled artisan recognizes that these terms are associated with the 
terms "pulsed electric field" "pulsed current device" and "pulse voltage device." A skilled 
artisan recognizes that the amount and duration of the electrical pulse is dependent on the 
tissue, size, and overall health of the recipient subject, and furthermore knows how to 
determine such parameters empirically. 

[0058] The term "encoded IGF-I" as used herein is a biologically active polypeptide 
of insulin-like growth factor-I. 
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[0059] The term "functional biological equivalent" of IGF-I as used herein is a 
polypeptide that has a distinct amino acid sequence from a wild type IGF-I polypeptide while 
simultaneously having similar or improved biological activity when compared to the IGF-I 
polypeptide. The functional biological equivalent may be naturally occurring or it may be 
modified by an individual. A skilled artisan recognizes that the similar or improved 
biological activity as used herein refers to facilitating and/or releasing IGF-I and stimulating 
angiogenesis. Methods known in the art to engineer such a sequence include site-directed 
mutagenesis. 

[0060] The term "growth hormone releasing hormone" ("GHRH") as used herein is 
defined as a hormone that facilitates or stimulates release of growth hormone, and in a lesser 
extent other pituitary hormones, as prolactin. 

[0061] The term "growth hormone" ("GH") as used herein is defined as a hormone 
that relates to growth and acts as a chemical messenger to exert its action on a target cell. In a 
specific embodiment, the growth hormone is released by the action of growth hormone 
releasing hormone. 

[0062] The term "insulin-like growth factor - 1" (IGF-I") as used herein is defined as a 
hormone that related to growth, regeneration, embryonic development and tissue repair. In a 
specific embodiment, the insulin-like growth factor - I is released by the action of growth 
hormone. 

[0063] The term "GeneS witch®" (a registered trademark of Valentis, Inc.; 
Burlingame, CA) as used herein refers to the technology of a mifepristone-inducible 
heterologous nucleic acid sequences encoding regulator proteins, IGF-I biological equivalent 
or combination thereof. A skilled artisan recognizes that antiprogesterone agent alternatives 
to mifepristone are available, including onapristone, ZK1 12993, ZK98734, and 5a-pregnane- 
3,2-dione. 

[0064] The term "heterologous nucleic acid sequence" as used herein is defined as a 
DNA sequence comprising differing regulatory and expression elements. 

[0065] The term "modified cells" as used herein is defined as the cells from a subject 
that have an additional nucleic acid sequence introduced into the cell. 
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[0066] The term "modified-donor-cells" as used herein refers to any donor-cells that 
have had a IGF-I-encoding nucleic acid sequence delivered. 

[0067] The term "molecular switch" as used herein refers to a molecule that is 
delivered into a subject that can regulate transcription of a gene. 

[0068] The term "myogenic promoter" as used herein refers to a nucleic acid sequence 
that is operably linked to a heterologous coding sequence having expression control activity in 
myogenic tissue. 

[0069] The term "nucleic acid expression construct" as used herein refers to any type 
of genetic construct comprising a nucleic acid coding for a RNA capable of being transcribed. 
The term "expression vector" can also be used interchangeably herein. In specific 
embodiments, the nucleic acid expression construct comprises: a promoter; a nucleotide 
sequence of interest; and a 3' untranslated region; wherein the promoter, the nucleotide 
sequence of interest, and the 3' untranslated region are operatively linked; and in vivo 
expression of the nucleotide sequence of interest is regulated by the promoter. 

[0070] The term "operatively linked" as used herein refers to elements or structures in 
a nucleic acid sequence that are linked by operative ability and not physical location. The 
elements or structures are capable of, or characterized by accomplishing a desired operation. 
It is recognized by one of ordinary skill in the art that it is not necessary for elements or 
structures in a nucleic acid sequence to be in a tandem or adjacent order to be operatively 
linked. 

[0071] The term "poly-L-glutamate ("PLG")" as used herein refers to a biodegradable 
polymer of L-glutamic acid that is suitable for use as a vector or adjuvant for DNA transfer 
into cells with or without electroporation. 

[0072] The term "post-injection" as used herein refers to a time period following the 
introduction of a nucleic acid cassette that contains heterologous nucleic acid sequence 
encoding IGF-I or a biological equivalent thereof into the cells of the subject and allowing 
expression of the encoded gene to occur while the modified cells are within the living 
organism. 
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[0073] The term "plasmid" as used herein refers generally to a construction comprised 
of extra-chromosomal genetic material, usually of a circular duplex of DNA that can replicate 
independently of chromosomal DNA. Plasmids, or fragments thereof, may be used as 
vectors. Plasmids are double-stranded DNA molecules that occur or are derived from bacteria 
and (rarely) other microorganisms. However, mitochondrial and chloroplast DNA, yeast 
killer and other cases are commonly excluded. 

[0074] The term "plasmid mediated gene supplementation" as used herein refers a 
method to allow a subject to have prolonged exposure to a therapeutic range of a therapeutic 
protein by utilizing a nucleic acid expression construct in vivo. 

[0075] The term "pulse voltage device," or "pulse voltage injection device" as used 
herein relates to an apparatus that is capable of causing or causes uptake of nucleic acid 
molecules into the cells of an organism by emitting a localized pulse of electricity to the cells. 
The cell membrane then destabilizes, forming passageways or pores. Conventional devices of 
this type are calibrated to allow one to select or adjust the desired voltage amplitude and the 
duration of the pulsed voltage. The primary importance of a pulse voltage device is the 
capability of the device to facilitate delivery of compositions of the invention, particularly 
linear DNA fragments, into the cells of the organism. 

[0076] The term "plasmid backbone" as used herein refers to a sequence of DNA that 
typically contains a bacterial origin of replication, and a bacterial antibiotic selection gene, 
which are necessary for the specific growth of only the bacteria that are transformed with the 
proper plasmid. However, there are plasmids, called mini-circles, that lack both the antibiotic 
resistance gene and the origin of replication (Darquet et al., 1997; Darquet et al., 1999; 
Soubrier et al., 1999). The use of in vitro amplified expression plasmid DNA (i.e. non-viral 
expression systems) avoids the risks associated with viral vectors. The non- viral expression 
systems products generally have low toxicity due to the use of "species-specific" components 
for gene delivery, which minimizes the risks of immunogenicity generally associated with 
viral vectors. One aspect of the current invention is that the plasmid backbone does not 
contain viral nucleotide sequences. 

[0077] The term "promoter" as used herein refers to a sequence of DNA that directs 
the transcription of a gene. A promoter may direct the transcription of a prokaryotic or 
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eukaryotic gene. A promoter may be "inducible," initiating transcription in response to an 
inducing agent or, in contrast, a promoter may be "constitutive," whereby an inducing agent 
does not regulate the rate of transcription. A promoter may be regulated in a tissue-specific or 
tissue-preferred manner, such that it is only active in transcribing the operable linked coding 
region in a specific tissue type or types. 

[0078] The term "replication element" as used herein comprises nucleic acid 
sequences that will lead to replication of a plasmid in a specified host. One skilled in the art 
of molecular biology will recognize that the replication element may include but is not limited 
to a selectable marker gene promoter, a ribosomal binding site, a selectable marker gene 
sequence, and a origin of replication. 

[0079] The term "residual linear plasmid backbone" as used herein comprises any 
fragment of the plasmid backbone that is left at the end of the process making the nucleic acid 
expression plasmid linear. 

[0080] The term "recipient-subject" as used herein refers to any species of the animal 
kingdom wherein modified-donor-cells can be introduced from a donor-subject. 

[0081] The term "regulator protein" as used herein refers to any protein that can be 
used to control the expression of a gene. 

[0082] The terms "subject" or "animal" as used herein refers to any species of the 
animal kingdom. In preferred embodiments, it refers more specifically to humans and 
domesticated animals used for: pets {e.g. cats, dogs, etc.); work (e.g. horses, etc.); food (cows, 
chicken, fish, lambs, pigs, etc); and all others known in the art. 

[0083] The term "tissue" as used herein refers to a collection of similar cells and the 
intercellular substances surrounding them. A skilled artisan recognizes that a tissue is an 
aggregation of similarly specialized cells for the performance of a particular function. For the 
scope of the present invention, the term tissue does not refer to a cell line, a suspension of 
cells, or a culture of cells. In a specific embodiment, the tissue is electroporated in vivo. A 
skilled artisan recognizes that there are four basic tissues in the body: 1) epithelium; 2) 
connective tissues, including blood, bone, and cartilage; 3) muscle tissue; and 4) nerve tissue. 
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In a specific embodiment, the methods and compositions are directed to transfer of DNA into 
a muscle tissue by electroporation. 

[0084] The term "therapeutic element" as used herein comprises nucleic acid 
sequences that will lead to an in vivo expression of an encoded gene product. One skilled in 
the art of molecular biology will recognize that the therapeutic element may include, but is not 
limited to, a promoter sequence, a transgene, a poly A sequence, or a 3' or 5' UTR. 

[0085] The term "transfects" as used herein refers to introduction of a nucleic acid 
into a eukaryotic cell. In some embodiments, the cell is not a plant tissue or a yeast cell. 

[0086] The term "vascular endothelial growth factor" ("VEGF") as used herein refers 
to a growth factor that promotes angiogenesis and vasculo genesis, and is involved in the 
maturation of blood vessels. 

[0087] The term "vector" as used herein refers to any vehicle that delivers a nucleic 
acid into a cell or organism. Examples include plasmid vectors, viral vectors, liposomes, or 
cationic lipids. 

[0088] The term "viral backbone" as used herein refers to a nucleic acid sequence that 
does not contain a promoter, a gene, and a 3' poly A signal or an untranslated region, but 
contains elements including, but not limited to, site-specific genomic integration Rep, inverted 
terminal repeats ("ITRs"), and the binding site for the tRNA primer for reverse transcription. 
It may also contain a nucleic acid sequence component that induces a viral immunogenicity 
response when inserted in vivo, allow integration, affect specificity and activity of tissue 
specific promoters, cause transcriptional silencing, or pose safety risks to the subject. 

[0089] The term "vascular pressure pulse" refers to a pulse of pressure from a large 
volume of liquid to facilitate uptake of a vector into a cell. A skilled artisan recognizes that 
the amount and duration of the vascular pressure pulse is dependent on the tissue, size, and 
overall health of the recipient animal, and furthermore knows how to determine such 
parameters empirically. 

[0090] The term "vector" as used herein refers to a construction comprised of genetic 
material designed to direct transformation of a targeted cell by delivering a nucleic acid 
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sequence into that cell. A vector may contain multiple genetic elements positionally and 
sequentially oriented with other necessary elements such that an included nucleic acid cassette 
can be transcribed and when necessary translated in the transfected cells. These elements are 
operatively linked. The term "expression vector" refers to a DNA plasmid that contains all of 
the information necessary to produce a recombinant protein in a heterologous cell. 

[0091] One aspect of the current invention pertains to a method useful for increasing 
endogenous IGF-I production and consequently angiogenesis in an animal. A preferred 
embodiment includes delivering a nucleic acid expression construct that encodes an insulin- 
like growth factor-I ("IGF-I") or functional biological equivalent thereof into a tissue of the 
subject. The preferred means for delivering the nucleic acid expression construct is by 
electroporation. The nucleic acid expression construct may also be delivered in a single 
administration. In a preferred embodiment, the nucleic acid expression construct is delivered 
into somatic cells, stem cells, or germ cells of the subject. The cells may also be diploid cells. 
Delivery of the nucleic acid construct initiates expression of the encoded IGF-I or functional 
biological equivalent thereof. The encoded IGF-I or functional biological equivalent thereof is 
then expressed in tissue specific cells of the subject, which may be muscle cells. The encoded 
IGF-I is a biologically active polypeptide, and the encoded functional biological equivalent of 
IGF-I is a polypeptide engineered to contain a distinct amino acid sequence while 
simultaneously having similar or improved biological activity when compared to the IGF-I 
polypeptide. In a preferred embodiment, a ligand for a regulator of IGF-I is administered with 
the nucleic acid expression construct. The subject in this invention may be a human, a pet 
animal, a farm animal, a food animal, or a work animal. 

[0092] Specific elements of the nucleic acid expression construct of this invention are 
also described. For example, the construct comprises a synthetic myogenic promoter, a 
sequence encoding IGF-I or a functional biological equivalent, and a 3' untranslated region 
("3' UTR") that are operatively linked. In specific embodiments, the 3 ' UTR of the nucleic 
acid expression construct is a human growth hormone 3 ' UTR or skeletal alpha actin 3 ' UTR. 
The nucleic acid expression construct of this invention is a construct that is substantially free 
of a viral backbone. A transfection- facilitating vector system may also be used for delivery of 
the nucleic acid expression construct. In preferred embodiments, the transfection- facilitating 
vector system can be a plasmid, a viral vector, a liposome, or a cationic lipid. In another 
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specific embodiment the nucleic acid expression construct comprises SeqID No: 1 or SeqED 
No: 2. In additional specific embodiments, the nucleic acid expression construct may also 
include a transfection-facilitating polypeptide. The transfection- facilitating polypeptide may 
be charged and is preferably poly-L-glutamate. 

[0093] Specific embodiments of this invention are also directed toward stimulating 
myo genesis in a subject by delivering the nucleic acid expression construct into cells of the 
subject. Additional embodiments are directed to upregulation of angiogenic factors, such as 
VEGF, VEGF receptors (FLK-1 and FLT-1), and the angiopoietins (ANG-1 and ANG-2) 
through delivery of the nucleic acid expression construct. Further embodiments include 
methods for treating the muscular and vascular complications of diabetes. 

[0094] The use of plasmid mediated therapy to expedite or augment collateral vessel 
development holds great promise in the treatment of limb and myocardial ischemia. A new 
strategy for therapeutic angiogenesis uses IGF-I plasmid mediated therapy. Injection of a 
vector encoding IGF-I under the control of a muscle synthetic promoter, followed by the 
3'UTR of the skeletal alpha actin gene (SP-IGF-I-SK3'UTR), followed by electroporation 
into the tibialis anterior muscle of mice results in induction of VEGF and VEGF receptor, 
FLK-1/KDR. Treatment of diabetic muscles results in a significant improvement of muscle 
perfusion. Thus IGF-I can be used in a non-viral therapy paradigm to induce angiogenesis, in 
vivo. 

[0095] The treatment of injured muscle with IGF-I also induces the muscle 
differentiation pathway by inducing MyoD and myogenin expression. In a previous study 
using IGF-I transgenic mice (Rabinovsky et al., 2003) it was shown that IGF-I induces 
satellite cell activation and differentiation. Recent studies have also shown that nerve injury 
to IGF-I transgenic mice results in the induction of satellite expression of VEGF. Therefore, 
the activation of satellite cells by IGF-I results in both induction of muscle cell differentiation 
as well as angiogenesis, illustrating the multiple effects of IGF-I in its role in the overall 
wound healing process. 

[0096] The effect of IGF-I plasmid mediated therapy on both VEGF and VEGF 
receptor expression suggests that IGF-I can amplify the angiogenic effects of VEGF. 
Previous in vitro experiments show that IGF-I can induce VEGF receptor FKL-1/KDR protein 
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expression on coronary vessel endothelial cells (Rabinovsky at e/., manuscript in preparation). 
Additionally, it has been shown that IGF-I also up-regulates the angiopoietins, ANG-1 and 
ANG-2, in an IGF-I transgenic model (Rabinovsky at el, manuscript in preparation). These 
molecules are critical in the maturation of newly formed vessels. Therefore, the results of in 
vitro experiments and in vivo transgenic and plasmid mediated therapy studies show that IGF- 
I acts on diverse targets within the angiogenic pathway. 

[0097] The functional and physiological role of IGF-I plasmid mediated therapy on 
inducing angiogenesis has been studied in a diabetic ischemic model. Results showed that 
IGF-I plasmid mediated therapy can augment angiogenesis in the diabetic ischemic limb. The 
detrimental effects of diabetes on peripheral blood flow are well documented and the cost to 
the patient and health care system is high. IGF-I plasmid mediated therapy can have a 
significant clinical role in improving blood flow in patients with peripheral arterial diseases 
and diabetic neuropathies and microangiopathies. 

[0098] The plasmid supplementation approach to induce endogenous IGF-I production 
determining upregulation of angiogenic factors, such as VEGF, VEGF receptors (FLK-1 and 
FLT-1), and the angiopoietins (ANG-1 and ANG-2) offers advantages over the limitations of 
directly injecting recombinant IGF-I or VEGF protein. Expression of novel biological 
equivalents of IGF-I can be directed by an expression plasmid controlled by a synthetic 
muscle-specific promoter. Expression of such IGF-I or biological equivalent thereof elicits 
high IGF-I levels in subjects that have had the encoding sequences delivered into the cells of 
the subject by intramuscular injection and in vivo electroporation. Electroporation involves 
placing a plurality of electrodes in a selected tissue, then delivering the nucleic acid 
expression construct to the selected tissue in an area that interposes the plurality of electrodes, 
and applying a cell-transfecting pulse (e.g. electrical) to the selected tissue in an area of the 
selected tissue where the nucleic acid expression construct was delivered. However, the cell- 
transfecting pulse need not be an electrical pulse. A vascular pressure pulse can also be 
utilized. Although in vivo electroporation is the preferred method of introducing the 
heterologous nucleic acid encoding system into the cells of the subject, other methods exist 
and should be known by a person skilled in the art {e.g. electroporation, lipofectamine, 
calcium phosphate, ex vivo transformation, direct injection, gene gun, DEAE dextran, 
sonication loading, receptor mediated transfection, microprojectile or gold particle 
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bombardment, etc.). For example, it may also be possible to introduce the nucleic acid 
sequence that encodes the IGF-I or functional biological equivalent thereof directly into the 
cells of the subject by first removing the cells from the body of the subject or donor, 
maintaining the cells in culture, then introducing the nucleic acid encoding system by a 
variety of methods (e.g. electroporation, lipofectamine, calcium phosphate, ex vivo 
transformation, direct injection, DEAE dextran, sonication loading, receptor mediated 
transfection, microprojectile bombardment, etc.), and finally reintroducing the modified cells 
into the original subject or other host subject (the ex vivo method). The IGF-I sequence can 
be cloned into an adenovirus vector or an adeno-associated vector and delivered by simple 
intramuscular injection, or intravenously or intra- arteri ally. Plasmid DNA carrying the IGF-I 
sequence can be complexed with cationic lipids or liposomes and delivered intramuscularly, 
intravenously or subcutaneous. 

[0099] Administration as used herein refers to the route of introduction of a vector or 
carrier of DNA into the body. Administration can be directly to a target tissue or by targeted 
delivery to the target tissue after systemic administration. In particular, the present invention 
can be used for treating disease by administration of the vector to the body in order to 
establish controlled expression of any specific nucleic acid sequence within tissues at certain 
levels that are useful for plasmid mediated supplementation. The preferred means for 
administration of vector and use of formulations for delivery are described above. 

[0100] Muscle cells have the unique ability to take up DNA from the extracellular 
space after simple injection of DNA particles as a solution, suspension, or colloid into the 
muscle. Expression of DNA by this method can be sustained for several months. DNA uptake 
in muscle cells is further enhanced by utilizing in vivo electroporation. 

[0101] Delivery of formulated DNA vectors involves incorporating DNA into 
macromolecular complexes that undergo endocytosis by the target cell. Such complexes may 
include lipids, proteins, carbohydrates, synthetic organic compounds, or inorganic 
compounds. The characteristics of the complex formed with the vector (size, charge, surface 
characteristics, composition) determine the bioavailability of the vector within the body. 
Other elements of the formulation function as ligands that interact with specific receptors on 
the surface or interior of the cell. Other elements of the formulation function to enhance entry 
into the cell, release from the endosome, and entry into the nucleus. 

3578226v7 108328/00172 26 



[0102] Delivery can also be through use of DNA transporters. DNA transporters refer 
to molecules which bind to DNA vectors and are capable of being taken up by epidermal 
cells. DNA transporters contain a molecular complex capable of non-covalently binding to 
DNA and efficiently transporting the DNA through the cell membrane. It is preferable that 
the transporter also transport the DNA through the nuclear membrane. See, e.g. , the following 
applications all of which (including drawings) are hereby incorporated by reference herein: 
(1) Woo etal., U.S. Patent No. 6,150,168 entitled: "A DNA Transporter System and Method 
of Use;" (2) Woo et a/., PCT/US93/02725, entitled "A DNA Transporter System and method 
of Use", filed Mar. 19, 1993; (3) Woo et al., U.S. Patent No. 6,177,554 "Nucleic Acid 
Transporter Systems and Methods of Use;" (4) Szoka et ah, U.S. Patent No. 5,955,365 
entitled "Self- Assembling Polynucleotide Delivery System;" and (5) Szoka et al, 
PCT/US93/03406, entitled "Self- Assembling Polynucleotide Delivery System", filed Apr. 5, 
1993. 

[0103] Another method of delivery involves a DNA transporter system. The DNA 
transporter system consists of particles containing several elements that are independently and 
non-covalently bound to DNA. Each element consists of a ligand which recognizes specific 
receptors or other functional groups such as a protein complexed with a cationic group that 
binds to DNA. Examples of cations which may be used are spermine, spermine derivatives, 
histone, cationic peptides and/or polylysine. One element is capable of binding both to the 
DNA vector and to a cell surface receptor on the target cell. Examples of such elements are 
organic compounds which interact with the asialoglycoprotein receptor, the folate receptor, 
the mannose-6-phosphate receptor, or the carnitine receptor. A second element is capable of 
binding both to the DNA vector and to a receptor on the nuclear membrane. The nuclear 
ligand is capable of recognizing and transporting a transporter system through a nuclear 
membrane. An example of such ligand is the nuclear targeting sequence from SV40 large T 
antigen or histone. A third element is capable of binding to both the DNA vector and to 
elements which induce episomal lysis. Examples include inactivated virus particles such as 
adenovirus, peptides related to influenza virus hemagglutinin, or the GALA peptide described 
in the Skoka patent cited above. 

[0104] Administration may also involve lipids. The lipids may form liposomes which 
are hollow spherical vesicles composed of lipids arranged in unilamellar, bilamellar, or 
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multilamellar fashion and an internal aqueous space for entrapping water soluble compounds, 
such as DNA, ranging in size from 0.05 to several microns in diameter. Lipids may be useful 
without forming liposomes. Specific examples include the use of cationic lipids and 
complexes containing DOPE which interact with DNA and with the membrane of the target 
cell to facilitate entry of DNA into the cell. 

[0105] Gene delivery can also be performed by transplanting genetically engineered 
cells. For example, immature muscle cells called myoblasts may be used to carry genes into 
the muscle fibers. Myoblasts genetically engineered to express recombinant human growth 
hormone can secrete the growth hormone into the animal's blood. Secretion of the 
incorporated gene can be sustained over periods up to 3 months. 

[0106] Myoblasts eventually differentiate and fuse to existing muscle tissue. Because 
the cell is incorporated into an existing structure, it is not just tolerated but nurtured. 
Myoblasts can easily be obtained by taking muscle tissue from an individual who needs 
plasmid-mediated supplementation and the genetically engineered cells can also be easily put 
back without causing damage to the patient's muscle. Similarly, keratinocytes may be used to 
delivery genes to tissues. Large numbers of keratinocytes can be generated by cultivation of a 
small biopsy. The cultures can be prepared as stratified sheets and, when grafted to humans, 
will generate epidermis which continues to improve in histotypic quality over many years. 
The keratinocytes are genetically engineered while in culture by transfecting the keratinocytes 
with the appropriate vector. Although keratinocytes are separated from the circulation by the 
basement membrane dividing the epidermis from the dermis, human keratinocytes secrete into 
circulation the protein produced. 

[0107] Delivery may also involve the use of viral vectors. For example, an adenoviral 
vector may be constructed by replacing the El region of the virus genome with vector 
elements including a promoter, 5'UTR, 3'UTR and nucleic acid cassette and introducing this 
recombinant genome into 293 cells which will package this gene into an infectious virus 
particle. Viruses from this cell may then be used to infect tissue ex vivo or in vivo to introduce 
the vector into tissues leading to expression of the gene in the nucleic acid cassette. 

[0108] Although not wanting to be bound by theory, it is believed that in order to 
provide an acceptable safety margin for the use of such heterologous nucleic acid sequences 
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in humans, a regulated gene expression system must possess low levels of basal expression of 
IGF-I and still retain a high ability to induce. Thus, target gene expression can be regulated 
by incorporating molecular switch technology. By combining the powerful electroporation 
DNA delivery method with regulable IGF-I, or its biological equivalent, encoded by nucleic 
acid sequences, a therapy can be utilized that will enhance IGF-I production, and as a 
consequence enhance angiogenesis. 

I. Vectors 

[0109] The term "vector" is used to refer to a carrier nucleic acid molecule into which 
a nucleic acid sequence can be inserted for introduction into a cell wherein, in some 
embodiments, it can be replicated. A nucleic acid sequence can be native to the animal, or it 
can be "exogenous," which means that it is foreign to the cell into which the vector is being 
introduced or homologous to a sequence in the cell but in a position within the host cell 
nucleic acid in which the sequence is ordinarily not found. Vectors include plasmids, 
cosmids, viruses (bacteriophage, animal viruses, and plant viruses), linear DNA fragments, 
and artificial chromosomes (e.g., YACs), although in a preferred embodiment the vector 
contains substantially no viral sequences. One of skill in the art would be well equipped to 
construct a vector through standard recombinant techniques. 

[0110] The term "expression vector" refers to any type of genetic construct 
comprising a nucleic acid coding for a RNA capable of being transcribed. In some cases, 
RNA molecules are then translated into a protein, polypeptide, or peptide. In other cases, 
these sequences are not translated, for example, in the production of antisense molecules or 
ribozymes. Expression vectors can contain a variety of "control sequences," which refer to 
nucleic acid sequences necessary for the transcription and possible translation of an 
operatively linked coding sequence in a particular host cell. In addition to control sequences 
that govern transcription and translation, vectors and expression vectors may contain nucleic 
acid sequences that serve other functions as well and are described infra. 

II. Plasmid Vector^ 

[0111] In certain embodiments, a linear DNA fragment from a plasmid vector is 
contemplated for use to transfect a eukaryotic cell, particularly a mammalian cell. In general, 
plasmid vectors containing replicon and control sequences which are derived from species 
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compatible with the host cell are used in connection with these hosts. The vector ordinarily 
carries a replication site, as well as marking sequences which are capable of providing 
phenotypic selection in transformed cells. In a non-limiting example, E. coli is often 
transformed using derivatives of pBR322, a plasmid derived from an E. coli species. The 
plasmid pBR322 contains genes for ampicillin and tetracycline resistance and thus provides 
easy means for identifying transformed cells. The pBR plasmid, or other microbial plasmid or 
phage, must also contain or be modified to contain, for example, promoters which can be used 
by the microbial organism for expression of its own proteins. A skilled artisan recognizes that 
any plasmid in the art may be modified for use in the methods of the present invention. In a 
specific embodiment, for example, a GHRH vector used for the therapeutic applications is 
derived from pBlueScript KS+ and has a kanamycin resistance gene. 

[0112] In addition, phage vectors containing replicon and control sequences that are 
compatible with the host microorganism can be used as transforming vectors in connection 
with these hosts. For example, the phage lambda GEM™-1 1 may be utilized in making a 
recombinant phage vector which can be used to transform host cells, such as, for example, E. 
coli LE392. 

[0113] Further useful plasmid vectors include pIN vectors (Inouye et al., 1985); and 
pGEX vectors, for use in generating glutathione S-transferase ("GST") soluble fusion proteins 
for later purification and separation or cleavage. Other suitable fusion proteins are those with 
P-galactosidase, ubiquitin, and the like. 

[0114] Bacterial host cells, for example, E. coli, comprising the expression vector, are 
grown in any of a number of suitable media, for example, LB. The expression of the 
recombinant protein in certain vectors may be induced, as would be understood by those of 
skill in the art, by contacting a host cell with an agent specific for certain promoters, e.g., by 
adding IPTG to the media or by switching incubation to a higher temperature. After culturing 
the bacteria for a further period, generally between 2 and 24 hours, the cells are collected by 
centrifugation and washed to remove residual media. 

III. Promoters and Enhancers 

[01 15] A promoter is a control sequence that is a region of a nucleic acid sequence at 
which initiation and rate of transcription of a gene product are controlled. It may contain 
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genetic elements at which regulatory proteins and molecules may bind, such as RNA 
polymerase and other transcription factors, to initiate the specific transcription a nucleic acid 
sequence. The phrases "operatively positioned," "operatively linked," "under control," and 
"under transcriptional control" mean that a promoter is in a correct functional location and/or 
orientation in relation to a nucleic acid sequence to control transcriptional initiation and/or 
expression of that sequence. 

[0116] A promoter generally comprises a sequence that functions to position the start 
site for RNA synthesis. The best known example of this is the TATA box, but in some 
promoters lacking a TATA box, for example, the promoter for the mammalian terminal 
deoxynucleotidyl transferase gene and the promoter for the SV40 late genes, a discrete 
element overlying the start site itself helps to fix the place of initiation. Additional promoter 
elements regulate the frequency of transcriptional initiation. Typically, these are located in 
the region 30-1 10 bp upstream of the start site, although a number of promoters have been 
shown to contain functional elements downstream of the start site as well. To bring a coding 
sequence "under the control of a promoter, one positions the 5' end of the transcription 
initiation site of the transcriptional reading frame "downstream" of (i.e., 3' of) the chosen 
promoter. The "upstream" promoter stimulates transcription of the DNA and promotes 
expression of the encoded RNA. 

[0117] The spacing between promoter elements frequently is flexible, so that promoter 
function is preserved when elements are inverted or moved relative to one another. In the tk 
promoter, the spacing between promoter elements can be increased to 50 bp apart before 
activity begins to decline. Depending on the promoter, it appears that individual elements can 
function either cooperatively or independently to activate transcription. A promoter may or 
may not be used in conjunction with an "enhancer," which refers to a cis-acting regulatory 
sequence involved in the transcriptional activation of a nucleic acid sequence. 

[0118] A promoter may be one naturally associated with a nucleic acid sequence, as 
may be obtained by isolating the 5' non-coding sequences located upstream of the coding 
segment and/or exon. Such a promoter can be referred to as "endogenous." Similarly, an 
enhancer may be one naturally associated with a nucleic acid sequence, located either 
downstream or upstream of that sequence. Alternatively, certain advantages will be gained by 
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positioning the coding nucleic acid segment under the control of a recombinant, synthetic or 
heterologous promoter, which refers to a promoter that is not normally associated with a 
nucleic acid sequence in its natural environment. A recombinant, synthetic or heterologous 
enhancer refers also to an enhancer not normally associated with a nucleic acid sequence in its 
natural environment. Such promoters or enhancers may include promoters or enhancers of 
other genes, promoters or enhancers isolated from any other virus or prokaryotic or eukaryotic 
cell, and promoters or enhancers not "naturally occurring," i.e., containing different elements 
of different transcriptional regulatory regions and/or mutations that alter expression. For 
example, promoters that are most commonly used in recombinant DNA construction include 
the (3-lactamase (penicillinase), lactose and tryptophan (trp) promoter systems. In addition to 
producing nucleic acid sequences of promoters and enhancers synthetically, sequences maybe 
produced using recombinant cloning and/or nucleic acid amplification technology, including 
PCR™, in connection with the compositions disclosed herein (see U.S. Patent Nos. 4,683,202 
and 5,928,906, each incorporated herein by reference). Furthermore, it is contemplated that 
the control sequences that direct transcription and/or expression of sequences within non- 
nuclear organelles such as mitochondria, chloroplasts, and the like, can be employed as well. 

[0119] Naturally, it will be important to employ a promoter and/or enhancer that 
effectively directs the expression of the DNA segment in the organelle, cell type, tissue, 
organ, or organism chosen for expression. Those of skill in the art of molecular biology 
generally know the use of promoters, enhancers, and cell type combinations for protein 
expression. The promoters employed maybe constitutive, tissue-specific, inducible, and/or 
useful under the appropriate conditions to direct high level expression of the introduced DNA 
segment, such as is advantageous in the large-scale production of recombinant proteins and/or 
peptides. The promoter may be heterologous or endogenous. 

[0120] Additionally any promoter/enhancer combination could also be used to drive 
expression. Use of a T3, T7 or SP6 cytoplasmic expression system is another possible 
embodiment. Eukaryotic cells can support cytoplasmic transcription from certain bacterial 
promoters if the appropriate bacterial polymerase is provided, either as part of the delivery 
complex or as an additional genetic expression construct. 
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[0121] Tables 1 and 2 list non-limiting examples of elements/promoters that may be 
employed, in the context of the present invention, to regulate the expression of a RNA. Table 
2 provides non-limiting examples of inducible elements, which are regions of a nucleic acid 
sequence that can be activated in response to a specific stimulus. 



TABLE 1 
Promoter and/or Enhancer 


Promoter/Enhancer 


Relevant References 


P-Actin 


(Kawamoto et al., 1988; Kawamoto et al., 1989) 


Muscle Creatine Kinase (MCK) 


(Horlick and Benfield, 1989; Jaynes et al., 1988) 


Metallothionein (MTU) 


(Inouye et al., 1994; Narum et al., 2001; Skroch et al., 
1993) 


Albumin 


(Pinkert et al., 1987; Tronche et al., 1989) 


(3-Globin 


(Tronche et al., 1990; Trudel and Costantini, 1987) 


Insulin 


(German et al., 1995; Ohlsson et al., 1991) 


Rat Growth Hormone 


(Larsen et al., 1986) 


Troponin I (TN I) 


(Lin et al., 1991; Yutzey and Konieczny, 1992) 


Platelet-Derived Growth Factor 
(PDGF) 


(Pech et al., 1989) 


Duchenne Muscular Dystrophy 


(Klamut et al., 1990; Klamut et al., 1996) 


Cytomegalovirus (CMV) 


(Boshart et al., 1985; Dorsch-Hasler et al., 1985) 


Synthetic muscle specific promoters 
(c5-12, cl-28) 


(Draghia-Akli et al., 1999; Draghia-Akli et al., 2002; Li 
etal., 1999) 





TABLE 2 s 


Element/Inducer 


Element 


Inducer 


MT II 


Phorbol Ester (TFA) 




Heavy metals 


MMTV (mouse mammary tumor virus) 


Glucocorticoids 


(3-Interferon 


Poly(rI)x / Poly(rc) 


Adenovirus 5 E2 


E1A 


Collagenase 


Phorbol Ester (TP A) 


Stromelysin 


Phorbol Ester (TP A) 


SV40 


Phorbol Ester (TP A) 


Murine MX Gene 


Interferon, Newcastle Disease Virus 


GRP78 Gene 


A23187 


a-2-Macroglobulin 


IL-6 i 


Vimentin 


Serum 


MHC Class I Gene H-2Kb 


Interferon 


HSP70 


E1A, SV40 Large T Antigen 


Proliferin 


Phorbol Ester-TP A 


Tumor Necrosis Factor a 


PMA 


Thyroid Stimulating Hormone a Gene 


Thyroid Hormone 
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[0122] The identity of tissue-specific promoters or elements, as well as assays to 
characterize their activity, is well known to those of skill in the art. Non-limiting examples of 
such regions include the human LIMK2 gene (Nomoto et al., 1999), the somatostatin receptor 
2 gene (Kraus et al., 1998), murine epididymal retinoic acid-binding gene (Lareyre et al., 
1999), human CD4 (Zhao-Emonet et al., 1998), mouse alpha2 (XI) collagen (Liu et al., 2000; 
Tsumaki et al., 1998), D1A dopamine receptor gene (Lee et al., 1997), insulin-like growth 
factor II (Dai et al., 2001; Wu et al., 1997), and human platelet endothelial cell adhesion 
molecule-1 (Almendro et al., 1996). 

[0123] In a preferred embodiment, a synthetic muscle promoter is utilized, such as 
SPc5-12 (SEQID No.: 3) (Li et al., 1999), which contains a proximal serum response element 
("SRE") from skeletal a-actin, multiple MEF-2 sites, MEF-1 sites, and TEF-1 binding sites, 
and greatly exceeds the transcriptional potencies of natural myogenic promoters. The 
uniqueness of such a synthetic promoter is a significant improvement over, for instance, 
issued patents concerning a myogenic promoter and its use {e.g. U.S. Pat. No. 5,374,544) or 
systems for myogenic expression of a nucleic acid sequence {e.g. U.S. Pat. No. 5,298,422). In 
a preferred embodiment, the promoter utilized in the invention does not get shut off or 
reduced in activity significantly by endogenous cellular machinery or factors. Other elements, 
including fraws-acting factor binding sites and enhancers may be used in accordance with this 
embodiment of the invention. In an alternative embodiment, a natural myogenic promoter is 
utilized, and a skilled artisan is aware how to obtain such promoter sequences from databases 
including the National Center for Biotechnology Information ("NCBI") GenBank database or 
the NCBI PubMed site. A skilled artisan is aware that these databases may be utilized to 
obtain sequences or relevant literature related to the present invention. Because changes can 
be made to specific promoters, such as modifications to binding sites and enhancers, a 
preferred myogenic promoter comprises a nucleic acid sequence that is at least 85% identical 
to SEQID No.: 3. 

IV. Initiation Signals and Internal Ribosome Binding Sites 

[0124] A specific initiation signal also may be required for efficient translation of 
coding sequences. These signals include the ATG initiation codon or adjacent sequences. 
Exogenous translational control signals, including the ATG initiation codon, may need to be 
provided. One of ordinary skill in the art would readily be capable of determining this and 
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providing the necessary signals. It is well known that the initiation codon must be "in-frame" 
with the reading frame of the desired coding sequence to ensure translation of the entire insert. 
The exogenous translational control signals and initiation codons can be either natural or 
synthetic. The efficiency of expression may be enhanced by the inclusion of appropriate 
transcription enhancer elements. 

[01 25] In certain embodiments of the invention, the use of internal ribosome entry site 
("IRES") elements are used to create multigene, or polycistronic, messages. IRES elements 
are able to bypass the ribosome scanning model of 5 5 methylated Cap dependent translation 
and begin translation at internal sites (Pelletier and Sonenberg, 1988). IRES elements from 
two members of the picornavirus family (polio and encephalomyocarditis) have been 
described (Pelletier and Sonenberg, 1988), as well as an IRES from a mammalian message 
(Macejak and Sarnow, 1991). IRES elements can be linked to heterologous open reading 
frames. Multiple open reading frames can be transcribed together, each separated by an 
IRES, creating polycistronic messages. By virtue of the IRES element, each open reading 
frame is accessible to ribosomes for efficient translation. An example ribosomal binding site 
is illustrated in SEQED No.: 8. Multiple genes can be efficiently expressed using a single 
promoter/enhancer to transcribe a single message (see U.S. Patent Nos. 5,925,565 and 
5,935,819, each herein incorporated by reference). 

V. Multiply Cloning $ite$ 

[0126] Vectors can include a MCS, which is a nucleic acid region that contains 
multiple restriction enzyme sites, any of which can be used in conjunction with standard 
recombinant technology to digest the vector (see, for example, (Carbonelli et al., 1999; Cocea, 
1997; Levenson et al., 1998) incorporated herein by reference.) "Restriction enzyme 
digestion" refers to catalytic cleavage of a nucleic acid molecule with an enzyme that 
functions only at specific locations in a nucleic acid molecule. Many of these restriction 
enzymes are commercially available. Use of such enzymes is widely understood by those of 
skill in the art. Frequently, a vector is linearized or fragmented using a restriction enzyme that 
cuts within the MCS to enable exogenous sequences to be ligated to the vector. "Ligation" 
refers to the process of forming phosphodiester bonds between two nucleic acid fragments, 
which may or may not be contiguous with each other. Techniques involving restriction 
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enzymes and ligation reactions are well known to those of skill in the art of recombinant 
technology. 

VI. IRqstrMion Enzymes 

[0127] In some embodiments of the present invention, a linear DNA fragment is 
generated by restriction enzyme digestion of a parent DNA molecule. The term "restriction 
enzyme digestion" of DNA as used herein refers to catalytic cleavage of the DNA with an 
enzyme that acts only at certain locations in the DNA. Such enzymes are called restriction 
endonucleases, and the sites for which each is specific is called a restriction site. The various 
restriction enzymes used herein are commercially available and their reaction conditions, 
cofactors, and other requirements as established by the enzyme suppliers are used. Restriction 
enzymes commonly are designated by abbreviations composed of a capital letter followed by 
other letters representing the microorganism from which each restriction enzyme originally 
was obtained and then a number designating the particular enzyme. In general, about 1 jig of 
plasmid or DNA fragment is used with about 1-2 units of enzyme in about 20 ^1 of buffer 
solution. Appropriate buffers and substrate amounts for particular restriction enzymes are 
specified by the manufacturer. Restriction enzymes are used to ensure plasmid integrity and 
correctness. 

VII. Splicing Sites 

[0128] Most transcribed eukaryotic RNA molecules will undergo RNA splicing to 
remove introns from the primary transcripts. Vectors containing genomic eukaryotic 
sequences may require donor and/or acceptor splicing sites to ensure proper processing of the 
transcript for protein expression (see, for example, Chandler et al., 1997, herein incorporated 
by reference.) 

VIII. Termination Signals 

[0129] The vectors or constructs of the present invention will generally comprise at 
least one termination signal. A "termination signal" or "terminator" is comprised of the DNA 
sequences involved in specific termination of an RNA transcript by an RNA polymerase. 
Thus, in certain embodiments a termination signal that ends the production of an RNA 
transcript is contemplated. A terminator may be necessary in vivo to achieve desirable 
message levels. 
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[0130] In eukaryotic systems, the terminator region may also comprise specific DNA 
sequences that permit site-specific cleavage of the new transcript so as to expose a 
polyadenylation site. This signals a specialized endogenous polymerase to add a stretch of 
about 200 A residues ("poly A") to the 3 5 end of the transcript. RNA molecules modified with 
this polyA tail appear to be more stable and are translated more efficiently. Thus, in other 
embodiments involving eukaryotes, it is preferred that that terminator comprises a signal for 
the cleavage of the RNA, and it is more preferred that the terminator signal promotes 
polyadenylation of the message. The terminator and/or polyadenylation site elements can 
serve to enhance message levels and to minimize read through from the cassette into other 
sequences. 

[0131] Terminators contemplated for use in the invention include any known 
terminator of transcription described herein or known to one of ordinary skill in the art, 
including but not limited to the termination sequences of genes, such as the bovine growth 
hormone terminator, or viral termination sequences, such as the SV40 terminator. In certain 
embodiments, the termination signal maybe a lack of transcribable or translatable sequence, 
such as due to a sequence truncation. 

IX. Polvadenvlation Signals 

[0132] In expression, particularly eukaryotic expression, one will typically include a 
polyadenylation signal to effect proper polyadenylation of the transcript (e.g. SEQID No.: 5, 
or SEQID No.: 6). The nature of the polyadenylation signal is not believed to be crucial to the 
successful practice of the invention, and any such sequence may be employed. Preferred 
embodiments include the SV40 polyadenylation signal, skeletal alpha actin 3'UTR or the 
human or bovine growth hormone polyadenylation signal, which is convenient and known to 
function well in various target cells. Other embodiments include the 3 'UTR having a nucleic 
acid sequence that is at least 85% identical to SEQID No.: 5 from a skeletal alpha actin gene, 
or at least 85% identical to SEQID No.: 6 from a human growth hormone gene. 
Polyadenylation may increase the stability of the transcript or may facilitate cytoplasmic 
transport. 
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X. Qrigpns of Replication 

[0133] In order to propagate a vector in a host cell, it may contain one or more origins 
of replication sites (often termed "ori"), which is a specific nucleic acid sequence at which 
replication is initiated (e.g. SEQID No.: 8). Alternatively, an autonomously replicating 
sequence ("ARS") can be employed if the host cell is yeast. 

XI. Selectable and Screenable Markers 

[01341 In certain embodiments of the invention, cells containing a nucleic acid 
construct of the present invention may be identified in vitro or in vivo by including a marker 
in the expression vector. Such markers confer an identifiable change to the cell permitting 
easy identification of cells containing the expression vector. Generally, a selectable marker is 
one that confers a property that allows for selection. A positive selectable marker is one in 
which the presence of the marker allows for its selection, while a negative selectable marker is 
one in which its presence prevents its selection. An example of a positive selectable marker is 
a drug resistance marker. 

[0135] Usually the inclusion of a drug selection marker aids in the cloning and 
identification of transformants. For example, genes that confer resistance to neomycin, 
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable markers. In 
addition to markers conferring a phenotype that allows for the discrimination of transformants 
based on the implementation of conditions, other types of markers, including screenable 
markers such as GFP, whose basis is colorimetric analysis, are also contemplated. 
Alternatively, screenable enzymes such as herpes simplex virus thymidine kinase ("tk") or 
chloramphenicol acetyltransferase ("CAT") maybe utilized. One of skill in the art would also 
know how to employ immunologic markers, possibly in conjunction with FACS analysis. 
The marker used is not believed to be important, so long as it is capable of being expressed 
simultaneously with the nucleic acid encoding a gene product. Further examples of selectable 
and screenable markers are well known to one of skill in the art. 

XII. Electroporation 

[0136] In certain embodiments of the present invention, a nucleic acid is introduced 
into an organelle, a cell, a tissue or an organism via electroporation. Electroporation involves 
the exposure of a suspension of cells and DNA to a high- voltage electric discharge. In some 
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variants of this method, certain cell wall-degrading enzymes, such as pectin-degrading 
enzymes, are employed to render the target recipient cells more susceptible to transformation 
by electroporation than untreated cells (U.S. Patent No.5,384,253, incorporated herein by 
reference). Alternatively, recipient cells can be made more susceptible to transformation by 
mechanical wounding and other methods known in the art. 

[0137] Transfection of eukaryotic cells using electroporation has been quite 
successful. Mouse pre-B lymphocytes have been transfected with human kappa- 
immunoglobulin genes (Potter et al., 1984), and rat hepatocytes have been transfected with the 
chloramphenicol acetyltransferase gene (Tur-Kaspa et al., 1986) in this manner. 

[0138] The underlying phenomenon of electroporation is believed to be the same in all 
cases, but the exact mechanism responsible for the observed effects has not been elucidated. 
Although not wanting to be bound by theory, the overt manifestation of the electroporative 
effect is that cell membranes become transiently permeable to large molecules, after the cells 
have been exposed to electric pulses. There are conduits through cell walls which under 
normal circumstances maintain a resting transmembrane potential of ca. 90 mV by allowing 
bi-directional ionic migration. 

[0139] Although not wanting to be bound by theory, electroporation makes use of the 
same structures, by forcing a high ionic flux through these structures and opening or enlarging 
the conduits. In prior art, metallic electrodes are placed in contact with tissues and 
predetermined voltages, proportional to the distance between the electrodes, are imposed on 
them. The protocols used for electroporation are defined in terms of the resulting field 
intensities, according to the formula E=V/d, where ("£") is the field, ("F 5 ) is the imposed 
voltage and ("cH) is the distance between the electrodes. 

[0140] The electric field intensity E has been a very important value in prior art when 
formulating electroporation protocols for the delivery of a drug or macromolecule into the cell 
of the subject. Accordingly, it is possible to calculate any electric field intensity for a variety 
of protocols by applying a pulse of predetermined voltage that is proportional to the distance 
between electrodes. However, a caveat is that an electric field can be generated in a tissue 
with insulated electrodes, because the flow of ions is not necessary to create an electric field. 
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Although not wanting to be bound by theory, it is the current that is necessary for successful 
electroporation, not electric field per se. 

[0141] During electroporation, the heat produced is the product of the inter-electrode 
impedance, the square of the current, and the pulse duration. Heat is produced during 
electroporation in tissues and can be derived as the product of the inter-electrode current, 
voltage and pulse duration. The protocols currently described for electroporation are defined 
in terms of the resulting field intensity E, which is dependent on short voltage pulses of 
unknown current. Accordingly, the resistance or heat generated in a tissue cannot be 
determined, which leads to varied success with different pulsed voltage electroporation 
protocols with predetermined voltages. Although not wanting to be bound by theory, the 
nature of the voltage pulse to be generated is determined by the nature of the tissue, the size of 
the selected tissue, and the distance between electrodes. It is desirable that the voltage pulse 
be as homogenous as possible and of the correct amplitude. Excessive field strength results in 
the lysing of cells, whereas a low field strength results in reduced efficacy of electroporation. 
Some electroporation devices utilize the distance between electrodes to calculate the electric 
field strength and predetermined voltage pulses for electroporation. This reliance on knowing 
the distance between electrodes is a limitation to the design of electrodes. Because the 
programmable current pulse controller will determine the impedance in a volume of tissue 
between two electrodes, the distance between electrodes is not a critical factor for determining 
the appropriate electrical current pulse. Therefore, an alternate needle electrode array design 
would be one that is non-symmetrical. In addition, one skilled in the art can imagine any 
number of suitable symmetrical and non-symmetrical needle electrode arrays. The depth of 
each individual electrode within an array and in the desired tissue could be varied with 
comparable results. In addition, multiple injection sites for the macromolecules could be 
added to the needle electrode array. 

[0142] The ability to limit heating of cells across electrodes can increase the 
effectiveness of any given electroporation voltage pulsing protocol. For example, the prior art 
teaches an array of six needle electrodes utilizing a predetermined voltage pulse across 
opposing electrode pairs. This situation sets up a centralized pattern during an electroporation 
event in an area where congruent and intersecting overlap points develop. Excessive heating 
of cells and tissue along the electroporation path will kill the cells and limit the effectiveness 
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of the protocol. However, symmetrically arranged needle electrodes without opposing pairs 
can produce a decentralized pattern during an electroporation event in an area where no 
congruent electroporation overlap points can develop. It is preferable to use an electrode 
system for electroporation havin a configuration of pin electrodes whereby the electroporation 
pulse is directed between two or more electrodes such that the direct line between any two 
electrodes does not pass through the center of the injected macromolecule. This is to 
minimize the number of cells that are under energized and thus not electroporated and the 
number of cells which are over energized and thus destroyed while at the same time 
maximizing the number of cells that lie between these extremes which are adequately 
energized and thus electroporated. 

[0143] Controlling the current flow between electrodes allows one to determine the 
relative heating of cells. Thus, it is the current that determines the subsequent effectiveness of 
any given pulsing protocol and not the voltage across the electrodes. Predetermined voltages 
do not produce predetermined currents, and the usefulness of the technique is limited without 
a means to determine the exact dosage of current. This problem may be overcome by using a 
constant-current system, which effectively controls the dosage of electricity delivered to the 
cells in the inter-electrode space by precisely controlling the ionic flux that impinges on the 
conduits in the cell membranes. The advantage of a constant-current system is that it can be 
prevented from attaining an amplitude at which the cells are destroyed. In a predetermined 
voltage system, the current can attain a destructive intensity, and the operator cannot prevent 
that from happening. In a constant-current system, the current is preset under a threshold level 
where cell death does not occur. The exact setting of the current is dependent on the electrode 
configuration, and it must be determined experimentally. However, once the proper level has 
been determined, cell survival is assured from case to case. The precise dosage of electricity 
to tissues can be calculated as the product of the current level, the pulse length and the number 
of pulses delivered. These factors can be determined by the operator and do not vary with the 
characteristics of different tissues or variations of the electrode impedance from case to case. 
Thus, controlling and maintaining the current in the tissue between two electrodes under a 
threshold will allow one to vary the pulse conditions, reduce cell heating, create less cell 
death, and incorporate macromolecules into cells more efficiently when compared to 
predetermined voltage pulses. Furthermore, owing to the inherent repeatability of the 
constant-current system, effective protocols for electroporation can be developed. 
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[0144] The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques disclosed 
in the examples which follow represent techniques discovered by the inventor to function well 
in the practice of the invention, and thus can be considered to constitute preferred modes for 
its practice. However, those of skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific embodiments which are disclosed 
and still obtain a like or similar result without departing from the spirit and scope of the 
invention. 

EXAMPLE 1. CONSTRUCTION OF DNA VECTORS 

[0145] In order to determine endogenous IGF-I production by the skeletal muscle cells 
it was first necessary to design several IGF-I constructs. Briefly, the plasmid vectors 
contained the muscle specific synthetic promoter SPc5-12 (SEQID No.: 3) (Li et al., 1999) 
attached to a IGF-I cDNA fragment. Although the SPc5-12 promoter was utilized in this 
specific embodiment of this invention, other myogenic promoters are equally useful as 
expression control sequences. An Ncol/Hindlll fragment of a SIS II plasmid (Coleman et al., 
1995), containing the IGF-I cDNA and the skeletal alpha actin 3'UTR, was cloned into the 
Ncol/Kpnl sites of pSP-HV-GHRH (Draghia-Akli et al., 1999) to generate pSP-IGF-I- 
SK3'UTR (pAV2001 - SEQID No.: 1). This vector, pAV2001 (SEQID No.: 1), is shown in 
Figure 1, and preferred embodiments include nucleic acid sequences that are at least 90% 
identical to SEQID No. 1 . To generate pSP-IGF-I-GH3 'UTR (pAV2002 - SEQID No. : 2), the 
NcoI/BamHI blunt fragment was cloned in between the Ncol/Hindlll blunt sites of pSP-HV- 
GHRH. This vector, pAV2002 (SEQID No.: 2), is shown in Figure 2, and preferred 
embodiments include nucleic acid sequences that are at least 90% identical to SEQID No. 2. 
Although not wanting to be bound by theory, the stimulation of angiogenesis and myogenesis 
are determined ultimately by the levels of hormones in the general circulation and/or locally 
in the muscle fiber. Several different plasmids that encoded amino acid sequences of IGF-I 
(SEQID No.: 4) with different promoters and 3 'ends or functional biological equivalent 
thereof were used in these experiments. 

[0146] The pSP plasmids described and used above do not contain polylinker or a 
skeletal alpha-actin promoter. Furthermore, these plasmids were introduced by muscle 
injection, followed by in vivo electroporation, as described below. 
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[0147] In terms of "functional biological equivalents", it is well understood by the 
skilled artisan that, inherent in the definition of a "biologically functional equivalent" protein 
and/or polynucleotide, is the concept that there is a limit to the number of changes that may be 
made within a defined portion of the molecule while retaining a molecule with an acceptable 
level of equivalent biological activity. Functional biological equivalents are thus defined 
herein as those proteins (and polynucleotides) in which selected amino acids (or codons) may 
be substituted. A peptide comprising a functional biological equivalent of IGF-I (SEQID 
NO.: 4) is a polypeptide that is engineered to contain distinct amino acid sequences while 
simultaneously having similar or improved biological activity when compared to IGF-I 
(SEQID NO.: 4). Thus, in one embodiment of the encoded IGF-I or functional biological 
equivalent thereof has an amino acid sequence of SEQID No: 4, or SEQID No.: 4 with 
conservative amino acid substitutions. In another embodiment, a preferred IGF-I peptide 
comprises an amino acid sequence that is at least 85% identical to SEQID No.: 4, wherein the 
biological activity is preserved or enhance. For example, one biological activity of IGF-I is to 
stimulate angiogenesis in a subject. 

[0148] Constructs were compared in vivo in animal experiments to establish the level 
of expression and functionality. 



EXAMPLE 2. MATERIAL AND METHODS FOR ANIMAL STUDIES 

[0149] Intramuscular injection of plasmid DNA in adult mice . In vivo activity of 
the synthetic promoter SPc5-12 (SEQID No.: 3) was compared with the activity of the 
skeletal alpha actin promoter (natural muscle specific promoter), cytomegalovirus promoter 
(strong ubiquitous promoter), and the simian virus 40 (S V40) promoter. Plasmid preparations 
of SPc5-12, SK448, CMV and SV40 - luciferase were diluted inPBS pH=7.4 to lmg/ml. ICR 
male mice (Harlem Laboratories, TX) were anesthetized with 0.5ml/kg of a combination of 
ketamine (42.8mg/ml), xylazine (8.2mg/ml) and acepromazine (0.7mg/ml). Fifty micrograms 
of plasmid in 25(al sterile PBS was injected directly into the anterior tibialis of mice. At 1, 2 
and 4 weeks after the injection, the injected muscle was snap frozen in liquid nitrogen. 
Muscles were homogenized in PBS, pH=7.4 containing 0.2% Triton x-100 and protease 
inhibitors: leupeptin, 0.7jag/ml, pepstatin 10(ig/ml and aprotinin 2 fig/ml (Boehringer 
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Mannheim, Indianapolis, IN). Muscle extracts were centrifiiged at 10,000xg for 30 minutes at 
4°C and the supernatant recovered. Protein assays were performed using Bio-Rad Protein 
Assay (Bio-Rad Laboratories, Hercules, CA) and luciferase activity was measured. At each 
time point, 6-15 animals were used for each construct. The experiments were repeated twice. 
Results are shown in Figure 3. At 2 and 4 weeks after direct intra-muscular injection the 
SPc5-12 (SEQID No.: 3) promoter had a 3-5 fold higher expression than that of the SK448 
promoter and 6-8 times greater than that of the CMV promoter. The SV40 promoter was 100 
fold less active (n > 8 animals/ construct). 

[0150] The plasmid can also be formulated prior to injection with an effective 
concentration of transfection- facilitating polypeptide in order to increase plasmid stability and 
diminish muscle damage that may occur during the electroporation procedure. The 
transfection-facilitating polypeptide is preferably charged and is most preferably poly-L- 
glutamate ("PLG"). The ratio in moles of the transfection-facilitating polypeptide to the 
nucleic acid expression construct should be 1 ,200 moles or less, and more preferably 1 mole, 
of transfection-facilitating polypeptide per mole of the nucleic acid expression construct. The 
average molecular weight of the transfection-facilitating polypeptide should be about 400 to 
about 30,000 Da, more preferably about 10,900 Da. In a previous study (Draghia-Akli et al., 
2002a), it was shown that although naked plasmid showed some expression, all groups with 
the nucleic acid expression vector associated with PLG showed significantly higher serum 
levels of transgene product (p<0.05). When muscle samples from animals from each group 
were analyzed histologically, mice that received the plasmid construct coated with 0.01 
mg/mL PLG had the least inflammation associated with the delivery procedure. 

[0151] Northern blot analysis . Three weeks after injection of 5 jag of either SIS II 
constructor pSP-IGF-I-SK3'UTR(pAV2001 - SEQID No.: 1) construct into tibialis anterior 
muscle of adult mice, the mice were killed, injected muscles were snap frozen, and RNA was 
collected and run in a Northern blot assay. 1 0-20|ig of total RNA was DNase I treated (Gibco 
BRL), size separated in 1.5% agarose-formaldehyde gel and transferred to Gene Screen nylon 
membrane (DuPont Research Products, Boston, MA). The membranes were hybridized with 
IGF-I cDNA probes 32 P labeled by random priming (Ready-to-Go DNA labeling kit, 
Pharmacia Biotech, Piscataway, NJ). Hybridization was carried out at 45°C in a solution 
which contained 50% formamide, SxSSPE, SxDenhardts, 1% SDS, 200|j.g/ml sheared salmon 
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sperm DNA. Membranes were washed twice for 10 minutes in 2xSSPE/l%SDS at room 
temperature and twice for 30 minutes in 0.2xSSPE/l%SDS at 68°C. Blots were subsequently 
exposed to X-ray film (Kodak X-Omat AR; Eastman Kodak, Rochester, NY) at -80°C with 
intensifying screens. As shown in Figure 4, the construct pSP-IGF-I-SK3'UTR(pAV2001 - 
SEQID No. : 1 ) driven by the muscle specific SPc5 - 1 2 (SEQID No. : 3) promoter had a 1 0-fold 
higher expression in the injected muscle comopared to SIS II construct. 

[0152] The Diabetic Model . Female ICR mice were used in this study. To induce 
diabetes, mice were treated with streptozotocin ("STZ"), administered intraperitoneally five 
consecutive days at 55mg/kg/day. Typically, approximately 80% of the animals became 
diabetic (glucose > 300mg/dL). Those animals not reaching this level were excluded from the 
study. 

[0153] Nerve Injury Paradigm . Mice were anesthetized with Avertin (0.2 mL/lOg 
body weight, injected intra-peritoneally in a 1.25% solution). To induce nerve crush injury, 
sciatic nerve exposed mid-thigh was crushed 2 mm distal to the sciatic notch with Dumonts 
#5 forceps for 30 seconds. The wound was closed with sterile clips and the mice were placed 
on a warming pad for 1 hour or until the animals awoke. The contralateral side, left intact, 
was used as a control. 

[0154] Femoral Artery/Vein Ligation . To test the ability of pSP-IGF-I-SK3'UTR 
(pAV2001 - SEQID No.: 1) to enhance angiogenesis in the diabetic state, a femoral artery 
ligation/angiogenesis assay was performed. ICR female mice were made diabetic by STZ 
injections as described. The mice were kept in the diabetic state for 2 months. The mice were 
anesthetized with Avertin (0.2 mL/lOg body weight, injected intra-peritoneally in a 1.25% 
solution) and the femoral artery and vein were exposed. The femoral artery and vein were 
ligated with 6-0 silk suture at the femoral ligament and just proximal to the epigastric vein and 
artery. The vessel was then cauterized between the two ligatures. The femoral nerve was 
kept intact in all procedures. The wound was closed with 6-0 silk sutures. After ligation, 
groups of mice were either injected in the tibialis anterior muscle of the ligated side with 120 
Hg pSP-IGF-I-SK3'UTR(pAV2001 - SEQID No.: 1) or distilled water. After 2 weeks, the 
muscle was analyzed for real time flow by Doppler Perfusion imaging, described below. 
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[0155] Popper Analysis . A Doppler perfusion imager (LDI-2 Laser Doppler Imager; 
Moor Instruments, Wilmington, DE) was employed to determine real time flow after femoral 
ligation in diabetic animals. An initial Doppler image was performed 24 hours after the 
femoral ligation to determine that flow to the tibialis anterior muscle was decreased. After 2 
weeks post ligation, animals were anesthetized as described and Doppler imaging was 
performed. Tibialis anterior muscle from the ligated and non-li gated sides was imaged 
simultaneously to avoid differences in muscle temperature and moisture between animals. 
These parameters affect flow rates. 

[0156] Chemiluminescence Enzyme-linked Immunosorbant Assay ("CELISA") . 

Muscle was homogenized in RIPA buffer (lx PBS, 1% NP-40, 0.5% sodium deoxycholate, 
0. 1 % SDS) with a complete protease inhibitor cocktail (Roche, Indianapolis, IN), and protein 
was assayed using BCA reagent (Pierce, Rockford, IL). To prepare 96-well ELISA plates 
(Nine Maxicoat, Nalge Nunc International, Rochester, NY), wells were coated with 50 /xl of 
nitrocellulose (HAFT Membranes, Millipore, Bedford, MA) which was solubilized for 2 
hours in methanol and centrifuged at 5000xg. Wells were treated for 15 minutes at room 
temperature, the solution was removed and the wells were allowed to dry. The wells were 
coated with 50 jal of protein samples, diluted to O.lmg/mL in distilled H 2 0, and allowed to 
dry overnight in a laminar flow hood, then washed twice in PBS. Anti-mouse monoclonal 
antibodies myogenin, MyoD F5D, (DAKO Corporation, Carpinteria, CA), VEGF (Santa 
Cruz, CA) and FLK-1 (Santa Cruz, CA), were biotinylated using a DAKO ARK kit (Dako 
Corporation, Carpinteria, C A) according to the manufacturers instructions. Rabbit Polyclonal 
antibody FLT-1 (Santa Cruz, CA) was also employed. Incubations were performed overnight 
at 4°C at antibody concentrations of 1 .25-5.00^ig/mL in 50^1 volumes. Plates were washed 3 
times for 15 minutes each in PBS/Tween (0.1%). For FLT-1, plates were treated with 
biotinylated goat anti-rabbit IgG (l|xg/mL; Jackson ImmunoResearch) and incubated for 1 
hour at room temperature. After washing, all wells were then incubated with l|ig/mL 
streptavidin-peroxidase (Jackson ImmunoResearch) for 1 hour at room temperature. After 
washing, ECL chemiluminescence reagent (Amersham) was diluated 1 :2 in PBS and 50 ^iL 
was added to the wells and luminescence was quantified on a Perkin Elmer HTS 7000 Plus 
Bioassay reader with HT 2.0 software using an integration time of 500 msec and a gain of 
100. 



3578226v7 108328/00172 



46 



[0157] Immunohistochemistrv . Tibialis anterior muscle was fixed in 4% 
paraformaldehyde for 2 hours, then switched to 20% sucrose/PBS and incubated overnight. 
The tissue was embedded in OCT resin, and tissues were cut to 7-10 microns in a cryostat. 
Sections were quenched by a 1 0 minute incubation with 3% peroxide in PBS, pH 7.4. After 3 
washes, sections were incubated overnight at 4°C with either 2.5 |ig/mL of biotinylated 
monoclonal antibody to VEGF and FLK-1 or polyclonal antibody FLT-1, diluted in PBS. 
After washing, sections were reacted with 2^ig/mL of biotinylated goat anti-rabbit IgG for 1 
hour at room temperature. After washing, all sections were treated with 2|ag/mL streptavidin- 
HRP for 1 hour at room temperature. After washing 3 times in PBS, sections were reacted 
with diaminobenzidine chromogen/H 2 0 2 for 5-30 minutes, and then washed in distilled H 2 0. 
Mounting media (Shandon Immu-Mount; Shandon, Pittsburgh, PA) was applied and the 
sections were cover-slipped. 

[0158] Statistical Analysis . For CELISA analysis, replicate samples for each group 
were assayed in quadruplicate. The values are expressed as percent control of water treated 
non-injured muscle (defined as 100%). The percent values were averaged and the data is 
presented as the mean +/- SEM (n=3 /group). Comparisons between experimental groups 
were analyzed by non-paired one tailed Student's t-test. P values less than 0.05 were 
designed as statistically significant. In all studies, three separate experiments were performed. 

[0159] One skilled in the art readily appreciates that the present invention is well 
adapted to carry out the objectives and obtain the ends and advantages mentioned as well as 
those inherent therein. IGF-I, analogs, plasmids, vectors, pharmaceutical compositions, 
treatments, methods, procedures and techniques described herein are presently representative 
of the preferred embodiments and are intended to be exemplary and are not intended as 
limitations of the scope. Changes therein and other uses will occur to those skilled in the art 
which are encompassed within the spirit of the invention or defined by the scope of the 
pending claims. 

EXAMPLE 3. LOCALIZATION OF IGF-I AND ITS CONSEQUENCES 

[0160] Initial experiments were done to assess the expression of IGF-I expressed by 
different muscle-specific plasmid constructs. The plasmids pSP-IGF-I-SK3'UTR(pAV2001 
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- SEQED No.: 1) and pSP-IGF-I-GH3'UTR (pAV2002 - SEQID No.: 2) were compared in 
vivo with the SIS II and SIG constructs previously described (see U.S. Patent Nos. 5,298,422; 
5,756,264; and 5,925,564). Expression from the new constructs was 3-5 fold higher than the 
previously described constructs. Furthermore, the localization of the IGF-I (SEQID NO.: 4) 
product was important for differential local effects. 

[0161] Localization of IGF-I Product . FLK-1 is a high-affinity tyrosine receptor for 
VEGF signaling pathways that induces endothelial cell proliferation and migration. 
Experiments were done to determine the effects of IGF-I plasmid mediated supplementation 
using a construct that stimulates the secretion of the transgene product into the general 
circulation on FLK-1 expression after a nerve injury. The sciatic nerve of ICR-I female mice 
was crushed mid thigh. Afterwards, 120 \xg of pSP-IGF-I-GH3'UTR (pAV2002 - SEQID 
No.: 2) diluted in distilled water was injected in the tibialis anterior in a volume of 30 The 
muscle was then electroporated at 220V/cm, 20 msec, and 3 pulses, positive and reverse 
polarity, each. In control mice, 30 \x\ of distilled water was injected into injured muscle and 
electroporated as above. After 3 days, the muscle of IGF-I and water-injected mice was 
analyzed with CELIS A. The results shown in Figure 5 indicate that IGF-I plasmid mediated 
supplementation using a construct that stimulates the secretion of the transgene product into 
the general circulation enhances at a low level the expression of FLK-1 /KDR in skeletal 
muscle. 

[0162] Additional experiments were done to determine the effects of IGF-I plasmid 
mediated supplementation using a construct that stimulates the secretion of the transgene 
product into the general circulation on MyoD expression after a nerve injury. The sciatic 
nerve of ICR-I female mice was crushed mid thigh. Afterwards, 120 |ng of pSP-IGF-I- 
GH3'UTR (pAV2002 - SEQID No.: 2) , diluted in distilled water was injected in the tibialis 
anterior in a volume of 30 jil. The muscle was then electroporated at 220V/cm, 20 msec, and 
3 pulses, positive and reverse polarity, each. In control mice, 30 |il of distilled water was 
injected into injured muscle and electroporated as above. After 3 days, the muscle of IGF-I 
and water-injected mice was analyzed with CELIS A. The results shown in Figure 6 indicate 
that IGF-I plasmid mediated supplementation using a construct that stimulates the secretion of 
the transgene product into the general circulation does not affect MyoD expression in the 
treated muscle. 
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[0163] While IGF-I secreted from the muscle fibers (with the pSP-IGF-I-GH3 'UTR 
(pAV2002 - SEQID No.: 2) construct) determined stimulation of angiogenesis only, 
increased intracellular IGF-I in the muscle fibers (with the pSP-IGF-I-SK3'UTR(pAV2001 - 
SEQID No.: 1) construct) determined stimulation of both angiogenesis and myogenesis. As 
both angiogenesis and myogenesis are needed post-trauma, further experiments were 
conducted using the pSP-IGF-I-SK3 'UTR (pAV2001 - SEQID No.: 1) plasmid construct. 

[0164] Induction of IGF-I expression in injured tibialis anterior muscle after 
IGF-I gene injection . The sciatic nerve of ICR-I female mice was crushed mid thigh. 
Afterwards, 120 ng of pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1) diluted in distilled 
water was injected in the tibialis anterior muscle in a volume of 30 \ih The muscle was then 
electroporated using conditions of at 220V/cm, 20 msec, and 3 pulses (positive and reverse 
polarity, each). In control mice, 30 |il of distilled water was injected into the injured muscle 
and electroporated as above. After 3 days, mice treated with IGF-I and water-injected mice 
were analyzed with CELISA. As shown in Figure 7, water-injected muscle showed a 0.35 
fold increase in IGF-I expression, compared to non-injured muscle. This increase is a normal 
response to nerve injury that initiates muscle and nerve regeneration. In contrast, muscle 
injected with pSP-IGF-I-SK3 'UTR (pAV200 1 - SEQID No.: 1) plasmid resulted in a 2.5-fold 
increase in IGF-I expression, compared to water-injected muscle. These results show that 
IGF-I plasmid mediated supplementation results in a significant increase in IGF-I protein over 
controls. 

EXAMPLE 4. IGF-I INDUCES ANGIOGENESIS AND MYOGENESIS IN THE 

DAMAGED MUSCLE 

[0165] The induction of muscle differentiation and angiogenesis are linked through 
the differentiation of muscle stem (satellite) cells following an injury (Lescaudron et al., 
1999). The muscles of IGF-I transgenic mice were previously shown to undergo enhanced 
satellite cell proliferation and differentiation after a nerve injury (Rabinovsky et al., 2003). 
MyoD and myogenin are muscle regulatory factors that have a central role in the activation 
and differentiation of muscle satellite cells (Rantanen et al., 1995). MyoD functions in 
determining the myogenic fate of satellite cells, whereas myogenin appears to function in 
terminal muscle cell differentiation (Andres and Walsh, 1996; Montarras et al., 1991). 

3578226v7 108328/00172 49 



[0166] Induction of MvoD expression in injured tibialis anterior muscle after 
IGF-I gene injection. The sciatic nerve of ICR-I female mice was crushed mid thigh. 
Afterwards, 120 \ig of pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1), diluted in distilled 
water was injected in the tibialis anterior in a volume of 30 jil. The muscle was then 
electroporated at 220V/cm, 20 msec, and 3 pulses, positive and reverse polarity, each. In 
control mice, 30 |ul of distilled water was injected into injured muscle and electroporated as 
above. After 3 days, the muscle of IGF-I and water-injected mice was analyzed with 
CELISA. As shown in Figure 8, there is a 1.5-fold increase in MyoD expression in water- 
injected muscles. This reflects the baseline differentiation response of satellite cells to a nerve 
injury. In contrast, muscle injected with pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1) 
exhibited a 3.5-fold increased in MyoD expression after injury. 

[0167] Induction of mvogenin expression in injured tibialis anterior muscle after 
IGF-I gene injection. The sciatic nerve of ICR-I female mice was crushed mid thigh. 
Afterwards, 120 ^ig of pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1) diluted in distilled 
water was injected in the tibialis anterior in a volume of 30 jil. The muscle was then 
electroporated at 220V/cm, 20 msec, and 3 pulses, positive and reverse polarity, each. In 
control mice, 30 \i\ of distilled water was injected into injured muscle and electroporated as 
above. After 3 days, the muscle of IGF-I and water-injected mice was analyzed with 
CELISA. As shown in Figure 9, IGF-I injected muscle exhibited a 5-fold increase in 
myogenin expression. In contrast, water-injected muscle exhibited a 2-fold increase in 
myogenin expression. These results show that IGF-I plasmid mediated therapy intensifies the 
muscle regeneration pathways after a nerve injury, by accelerating the myogenic 
differentiation pathway. 

[0168] Nerve injury to IGF-I transgenic mice has been shown to induce angiogenesis 
in skeletal muscle. VEGF (SEQID No. 7) is a potent endothelial proliferation factor which is 
induced in response to hypoxia and tissue injury, stimulating neo-vascularization in 
accordance with increasing metabolic demands of growing tissue. Upon injury to the muscle, 
angiogenesis in induced to re-vascularize the regenerated muscle. The expression of VEGF is 
critical for the proliferation, differentiation and chemotaxis of endothelial cells (Flamme et al., 
1995; Leung et al., 1989), which is an initiating event of the angiogenic process. 
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[0169] Induction of VEGF expression in injured tibialis anterior muscle after 
IGF-I gene injection. The sciatic nerve of ICR-I female mice was crushed mid thigh. 
Afterwards, 120 jig of pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1) diluted in distilled 
water was injected in the tibialis anterior in a volume of 30 fxl. The muscle was then 
electroporated at 220V/cm, 20 msec, and 3 pulses, positive and reverse polarity, each. In 
control mice, 30 jal of distilled water was injected into injured muscle and electroporated as 
above. After 3 days, the muscle of IGF-I and water-injected mice was analyzed with 
CELISA. As shown in Figure 10, VEGF protein expression increased 3.5 fold in IGF-I- 
treated muscles. In contrast, VEGF expression was increased only 1.4 fold in water-treated 
muscle. The results show that IGF-I plasmid mediated supplementation induces the initiation 
of the angiogenic pathway in muscle after a nerve injury by induction of VEGF expression. 

[0170] Furthermore, VEGF immuno-reactivity is localized to satellite cells and is 
increased significantly in IGF-I-injected muscle. Three days after nerve injury, muscles were 
fixed at 4% paraformaldehyde, cryro-sectioned to 10 microns, and stained with monoclonal 
antibody to VEGF. VEGF is up-regulated in muscle satellite cells and potentially in newly 
forming vessels. In contrast, VEGF-positive cells are only minimally detectable at this time 
point. VEGF receptors FLK-1 and FLT-1, major mediators of angiogenesis, are also 
stimulated by this method. 

[0171] Induction of FLK-1/KDR expression in injured tibialis anterior muscle 
after IGF-I gene injection. The sciatic nerve of ICR-I female mice was crushed mid thigh. 
Afterwards, 120 ng of pSP-IGF-I-SK3'UTR (pAV2001 - SEQID No.: 1), diluted in distilled 
water was injected in the tibialis anterior in a volume of 30 The muscle was then 
electroporated at 220V/cm, 20 msec, and 3 pulses, positive and reverse polarity, each. In 
control mice, 30 |jl1 of distilled water was injected into injured muscle and electroporated as 
above. After 3 days, the muscle of IGF-I and water-injected mice was analyzed with 
CELISA. The results shown in Figure 11 indicate that IGF-I plasmid mediated 
supplemetation enhances the expression of FLK-1 /KDR in skeletal muscle, which drives 
endothelial cell proliferation and migration. 

[0172] Induction of FLT-1 expression in injured tibialis anterior muscle after 
IGF-I gene injection. Expression of FLT-1 represents the VEGF signaling pathways that 
induces vessel sprouting. Experiments were done to determine the effects of IGF-I plasmid 
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mediated supplemetation on FLT-1 expression after a nerve injury. The sciatic nerve of ICR-I 
female mice was crushed mid thigh. Afterwards, 1 20 jug of pSP-IGF-I-SK3 'UTR (pAV2001 
- SEQID No.: 1), diluted in distilled water was injected in the tibialis anterior in a volume of 
30 The muscle was then electroporated at 220V/cm, 20 msec, and 3 pulses, positive and 
reverse polarity, each. In control mice, 30 jxl of distilled water was injected into injured 
muscle and electroporated as above. After 3 days, the muscle of IGF-I and water-injected 
mice was analyzed with CELISA. The results shown in Figure 12 indicate that IGF-I plasmid 
mediated supplementation enhances the expression of FLT-1 in skeletal muscle, a receptor 
pathway that serves to induce sprouting of newly formed vessels. 

[0173] The functional ability of IGF-I to induce angiogenesis was assessed in a 
diabetic model. Diabetes is a major risk factor for cardiovascular diseases (Meigs et al., 1997; 
Meigs et al., 2002). In the case of peripheral artery disease, hospital mortality, length of 
hospitalization, and complications resulting from surgery, and limb amputations are all 
increased in the presence of diabetes (Bagust et al., 2002; Currie et al., 1998). Early in the 
course of diabetes, intracellular hyperglycemia causes endothelial dysfunction and 
hemodynamic abnormalities. With time, endothelial cells are lost through apoptosis pathways 
and arteriole and capillary occlusion lead to microvascular rarefaction. This sequence of 
events leads to the formation of non-healing limb ulcers and limits the benefit of 
revascularization (Bagust et al., 2002). Collateralization is insufficient to overcome the loss 
of blood flow through occluded arteries in patients with peripheral vascular disease, and the 
problem is exacerbated in diabetics in whom collateralization is depressed (Feener and King, 
1997; Rivard et al., 1999). This leads to severe pain due to lump ischemia and often loss of a 
limb. The mechanisms that hinder rapid revascularization in diabetic patients remain poorly 
understood, but angioblast mis-regulation, death, or dysfunction may contribute to the severe 
course of peripheral and cardiovascular complications seen. 

[0174] Given the potential therapeutic role of IGF-I in promoting angiogenesis, a 
diabetic femoral arterial occlusion model was employed to determine if IGF-I plasmid 
mediated therapy can reverse diabetic microangiopathy. Real time flow was assessed by Laser 
Doppler Imaging. One time point at 24 hours post-ligation was performed to ensure ligation 
was complete. Blood flow to the tibialis anterior muscle was severely diminished 24 hours 
after femoral artery occlusion, showing that blood flow was severely restricted in the model. 
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Two weeks after surgery, flow to the tibialis anterior muscle was still severely compromised 
in water-injected muscles. In contrast, as shown in Figure 13, IGF-I-treated muscle showed 
significant improvement in muscle blood flow. The flow rate was nearly 70% of normal 
tibialis blood flow. These results show that IGF-I plasmid mediated hormonal 
supplementation can be used to treat peripheral arterial disease in the diabetic state. 
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